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(i) 
PREFACE. 
Accounts of some of the factors involved in deer mort-
ality are to be found in wildlife literature, but as a 
rule they deal with these factors in isolation. Actually, 
mortality factors appear to be closely inter-related, 
and I have been unable to find in the literature a proper 
recognition of this relationship. Therefore I have drawn 
together the varied information which I consider to be 
relevant in a study of red deer mortality, in an attempt 
to elucidate the probable interplay of mortality factors. 
This discussion constitutes Parts One and Two of this 
dissertation. 
My own study of red deer mortality on Reay Forest 
begins in Part Three, page 74. 
(ii) 
SUI4NARY. 
In Part One, in the review of factors which impinge upon 
red deer mortality, emphasis is placed on the role of these 
factors in natural selection. Firstly, attributes such as 
physiological and behavioural adaptione, which enable a 
hill deer to resist the strong selection pressure of its 
environment, are considered. Secondly, the mortality 
factors which are thought likely to be responsible for the 
selection of this successful phenotype are detailed. The 
inter-relationship of these factors indicates that the 
cause of the death of an individual is of less signific-
ance than its effect on the surviving population. 
Since natural selection operates differentially, evid-
ence of different sex- and ace-specific mortality rates is 
reviewed, and in the living population differences in 
physical condition are considered to be due to differences 
in the response of individuals to selection pressures. 
In Part Two, the reciprocal nature of life and death is 
used to detect evidence of differential mortality in the 
sex and age ratios of living populations. The method of 
expressing mortality and survivorship in the standard 
form of a life table is critically reviewed. 
In Part Three, the results of mortality surveys and 
sampling the living population (the cull) of red deer on 
Reay Forest, Sutherland, are analysed. The cull data 
suggests there is a difference in the condition of stage 
in the northern and southern halves of the area. A diff-
erence between the yearling mortality rates of the North 
(iii) 
and South, calculated from natural deaths, can be used to 
explain the difference in the observed ratios of calves to 
hinds in the population at large. 
From natural mortality and culls, various survivorship 
patterns are derived, and it is argued that a life table 
for the population as a whole can be calculated by comp-
ounding both forms of mortality. The resulting surviv-
orship curve generates a total hind population which comp-
ares closely with that predicted from certain known or 
independently calculated parameters. 
In Part Four, the implications of mortality in deer 
management are discussed, and the need to recognise the 
part played by natural selection in the extensive bill 
situation is stressed. The life table Is considered a 
useful tool for monitoring age structure, and can be used 
to predict the performance of model populations. But the 
restrictions imposed on the life table by the nature of 
its construction must be borne in mind. 
PART ONE 
MORTALITY AND THE INDIVIDUAL. 
CHAPTER ONE: RED DEER ALIVE. 
The death of a deer on the bill can be looked at in many 
ways. It is a natural event, but economically it might 
be regarded as wastage. In demographic terms it is a 
vital statistic, and genetically it is an expression of 
natural selection, of evolution at work to ensure the per-
petuation of the species. 
Since these various interpretations, although seemingly 
distinct, are unified in one simple phenomenon, it follows 
that they must be largely interdependent. The relevance 
of each in a study of "Mortality in Red Deer" has demanded 
that all must be recognised, but nevertheless, it Is more 
practicable to deal with them separately. 
Before examining our dead deer to try to determine 
which factors contributed to its death, however, we need 
to appreciate those factors which, in its lifetime, enabled 
it to resist, or at least postpone, mortality. They are; 
The maintenance of energy balance. 
Resistance to parasitism and disease. 
Behavioural adaptntions. 	- 
Physiological adaptations, 
As a consequence of (a) to (d), and other factors, the 
successful animal in the hill environment possesses the 
quality known as: 
General "hardiness" 
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(a). The maintenance of energy balance 
In order to survive, grow and reproduce, a deer must 
find in its environment the satisfaction of its basic 
needs. Exactly what these are, and how a habitat can be 
rated to provide an acceptable standard of living has not 
been fully determined, but in the typical red deer habitat 
in the Highlands of Scotland the principal requirements 
will be food and shelter. In this situation these are 
fundamentally similar, in the sense that, in the hill en-
vironment, both are required by the deer for the mainten-
ance of its internal homeostasis. The success of an in-
dividual must be largely due to its ability to balance its 
energy budget, and so maintain its metabolic activity. 
To the ruminant the nutritive value of food depends 
on the proportion absorbed, and this varies so little be-
tween individuals or species that digestibility can be re-
garded as an attribute of the food itself (Spedding, 1965). 
Ideally, then, a red deer will eat to a constant fill of 
its rumen (Blaxter, 1962). The speed of intake will vary 
with the digestibility of the fodder (Tyler, 1964). The 
absorbed fraction, besides containing the essential nutri- 
ents, should contain sufficient energy to meet the animal's 
metabolic needs. If it does, the animal is said to be in a 
state of "positive energy balance" (Noen, 1968a). The car-
bohydrates which are the main source of this energy are 
obtained by the digestion of polysaccharides, carried out 
in the rumen by its population of microflora. These micro-
organisms in turn have basic requirements, and the one with 
the most significance to hill deer is nitrogen. Nitrogen in 
the form of protein or amino-acids (or urea as a supplement) 
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is needed for the continuing reproduction of new micro- 
organisms (Kay, 1967). It follows, therefore, that the 
biological value of food taken by the deer is determined 
not only by its constituents, but also by the proportions 
present. 
A maintainance diet is that which contains the essent-
ial constituents in a proportion which enables the deer to 
make good the energy it loses by catabolic processes. This 
is manifested by a state of equilibrium in which weight is 
neither lost nor gained (Tyler, 1964). Maintainance diet 
will, however, vary according to the needs of individuals. 
Animal performance is a reflection not only of the digest-
ibility of the diet but of the overall energy exchange. 
Under controlled experimental conditions, animals fasting 
and in a state of rest are measured for heat loss, and the 
minimum value, representing the minimum energy expenditure, 
is known as the Basal Metabolic Rate. When an animal moves 
its metabolic rate increases; sheep and cattle while grazing 
are using 10-15% more energy than their B.M.R. (Tyler,1964). 
Therefore maintainance requirements vary with the demands for 
energy made on the animal. Small animals have a higher 
demand per kg. of their weight, and so must obtain from their 
food more calories per unit of their weight. 
The energy loss through dissipation of heat by con-
vection, conduction and radiation into the environment 
varies. Blaxter (1964a) conceived this as the "environ-
mental demand for heat". To combat these demands the animal 
may employ control over evaporation, vasoconstriction, or 
piloerection. However, once all these have been brought 
a 
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into play the temperature of the body can only be main-
tamed by an increase in heat production. "Coldness" 
is a biological measurement of this metabolic response. 
The experience of coldness varies between individ-
uals, according to innate metabolism, efficiency of vaso-
motor control, nature of the coat, shape of the body and 
plane of nutrition. There is a critical temperature, de-
fined by Spedding (1965) as that temperature below which an 
animal has to increase its heat production in order to pre-
vent its body temperature from falling. Blaxter (1964b) 





C. according to the nature of its coat and the 
plane of nutrition. Using a deer simulator Moen (1968a) 
calculated that, given sufficient food and shelter, white 
tailed deer remain in a state of positive energy balance 
0 
until the temperature fall to -40 C o . whereas starved 
animals will be in a state of negative balance at just below 
freezing. Gerstell (1937, cited in Taylor, 1956), also 
working with white tailed deer, correlated nutrition with 
0 temperature and performance and estimated that 40  For 
(440 0.) was a critical temperature below which the weight 
of an animal decreased even when it was well fed. Below 
30 F., (-1.8° C) the weight loss amounted to 3-12 per week. 
Coldness as experienced by the body is also a measure-
ment of air movement and precipitation. Moen (1968b) re-
viewed behavioural evidence of the "critical environment" 
of cold and wind. Blaxter,(1964b) stated that a windapeed 
of 20 m.p.h, induces negative energy balance in sheep with 
-,- 
sufficient food, at 00C. Rate of heat loss from- a sheep 
can be increased three or four times by removing the 
animal from shelter into a wind of only 12 m.p.h. (Hill 
Farming Research Organisation, 1964). 
The effects of rain have been less well investigated. 
Using samples of caribou pelt Lentz and Hart (1960) found 
that wetting increased heat loss by 50A, but that after 
two hours normality returned. If water was sprayed on 
continuously, heat transfer was increased by 100 
(b). Resistance to naranitisrn and disease. 
The scarcity of weak or ill animals in wild populations 
has been attributed to an ecological balance between the 
host and the parasitic organism. The b--lance is maintained 
by an ecosystem which exposes the young to an environment 
of low infectivity, and so allows them to acquire immunity. 
This low infectivity is perpetuated by behaviour which 
exposes the ill and the weak to a Greater risk of mortality, 
at the same time removing the healthy animals from the site 
of infection. Scavengers further remove the risk (Van der 
Walt and Jansen in Hafez, 1968). 
They further add that resistance may be due to either 
genetic constitution or immunity, and the immunity may be 
dither active or passive. Passive immunisation is con-
ferred on the young by the mother. Its effectiveness is 
short-lived, however, and further, active, immunity must 
be acquired by exposure to a source of low infectivity. 
In livestock husbandry this stae is critical, but in 
wild animals, where the incidence of disease is low, it is 
imperceptible. 
Antigens to parasites are derived from the body tissue 
or metabolic products of the infective organism. Light 
loads of internal parasites do not provoke reactions, and 
even after a heavy burden a lower level of host-parasite 
stability might result. In lambs this is known as "self 
cure and protection". In spite of subsequent ingestion 
of large numbers of worms a low level of infection will be 
maintained. The evidence is that this sort of immunity 
requires the continuing ingestion of infective larvqe 
(Van der Walt and Jansen, on. cit.). 
In feral Soay sheep Boyd et al. (1964) found that ked 
and lice infestation was three times as heavy in yearlings 
as it was in full mouth animals. The infestation in month-
old lambs was very light. If all the animals were at the 
same risk of infection, the evidence suggests that in this 
feral sheep it is the yearling stage in which "self cure 
and protection" occurs. 
(c). Behavioural adaptations. 
If food and shelter can be classed together as "welfare 
factors" (Leopold, 1933) then the behavioural adaptations 
of red deer to the limitations of their environment can 
be considered "self-help". 
Stu.dies on tame deer (Kay, in Bannerman and Blaxter, 
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igGg) have shown that heat losses were 50'A Greater than in 
sheep of the same weight, and were reflected in greater food 
requirements for maintenance. This would seen to contradict 
the impression that the red deer is an animal which uses its 
demanding environment efficiently, but part of this heat 
loss is associated with restlessness, and although this 
might be considered wasteful of energy, Ray noted that 
"even if deer need more food and digest it a little less 
well than sheep of equal size, their large appetite to-
gether with their mobility and long legs make deer a 
promising alternative to sheep on hill or scrub ground, 
whore food is normally abundant though often poor in 
quality." flxpensive in terms of energy thou;h it may be, 
this restlessness must be viewed as a quality of survival 
value. Such energy expenditure can only be justified if 
it results in a net increase in energy gained. The innate 
ability to range or "rake" over the habitat has been 
modified or lost in most breeds of domestic stock, and 
although they can maintain their homeostasis without it, 
the unbalanced utilisation of the habit-t might, in the 
long run, work against thorn. This is reco-nisod in the 
practice of shepherding (Darling, 1937; corrected edition, 
1956). According to Munro (1961) the dangers of allowing 
sheep to remain in shelter are repeatedly stressed by 
f. -irners. In the shelter of woodlands the pasture becomes 
exhausted and the ground foul, and the sheep then cease to 
thrive and Tiill even starve unless driven out. Lhite tailed 
deer show a similar "lack of wisdom" when they "yard" in 
certain sheltered areas to the point of starvation, and 
have to be driven out like sheep to better range nearby 
(Hosley, in Taylor, 1956). Although this seems to be the 
result of habit, rather than restriction by deep snow, a 
closer study by Verme (1965a) indicated that the location 
of these yards was determined by microclimate. 
Wild populations of primitive sheep such as the Soay 
have marked daily movements (Boyd et al., 1964). Although 
daily and seasonal movements must be of survival value, 
and conseauently largely innate, the degree to which these 
movements take place is largely dictated by the habitat. 
Red deer are responsive to weather conditions, and this 
response must vary according to the animals' state of 
energy balance. It was noted during this study that al-
though the animals on the open hill were ranging high in 
the day time and coming low at night, those deer which 
were permanently "hefted" in plantations were, like roe 
deer, more or less sedentary. This reflected not only 
the better quality of food available to the woodland deer, 
but also the ease of access to it. Blaxter (1964) gives 
an extreme example of an unsuitable habitat: sheep penned 
with no food at all suffered lower mortality than a flock 
at large which had to range so far in search of food that 
the energy they obtained could not compensate for the 
energy spent in finding it. During the present study the 
"common sense" of deer was demonstrated by stags accustomed 
to being fed supplementary rations in winter. On an ex-
ceptionally bitter day the animals stayed in the shallow 
shelter afforded by the hillside rather than expose them-
selves to the wind for the sake of a handful of cobs.. 
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(It may be noted here that stress, which will be considered 
in Chapter Two, by increasing the blood sugar level with 
adrenalin secretion, stops up metabolic rate. Thus the act 
of coming to be fed from the hand of flan might demand extra 
energy). 
The significance of sunshine in the movement of deer 
was also demonstrated by these "feeder" stags. During a 
rare spell of winter sunshine they preferred to retain on 
the hill rather than come down into the shadow of the glen 
where the food was provided On this occasion they remained 
lying on the high slopes until sunset, and came down at 
dusk. In terms of heat absorption a red doer is probably 
"black", and is capable of making the most of what little 
sunshine its winter environment can offer. 
Lowe (1 966) found that in flarch, 60, of the red deer 
on Rhum were to be found on south-facing slopes, and 201t 
on the obliquely insolated north-facing slopes, whereas 
the east and wet facing slopes, with only a few hours 
sunshine each day were the least favoured. But at that 
time of the year sunshine is seldom prolonged, and the 
beneficial effect it has may be more on the vegetation 
than directly on the deer. According to Klein (1979) 
the south-facing elopes in Alaskan deer habitat are fre-
quently 2-3 weeks ahead of level areas in vegetation 
growth, and even more in advance of north facing slopes. 
In addition, rock outcrops absorb and radiate solar heat 
to give marked microclimates. Those factors underline the 
complexity of deer movement in relation to climate and 
season, but they also demonstrate the r.dvantages of be- 
havioural flexibility. 
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(d). Physiolopical adantations 
In considerinc the evolution of domestic animals, Hafez 
(1966) regarded fattening as an alternative to behavioural 
adaptations. In the extreme conditions of the hill environ-
ment, however, it is reasonable to suppose that both are 
employed and have considerable survival value. in efficient 
use of the habitat, coupled with an ability to store 
calorific reserves when these are surplus to metabolic 
requirements, and then mobilise them when the diet is 
energy-deficient will render an animal much leoc vulnerable 
at times of climatic and nutritional stress. It has been 
shown that hill ewes are at least moderately undernourished 
during late pregnancy. The loss of one third in live weight 
between mating and lambing is not unusual (Fraser, in 
Fraser and Stamp, 1968). The survival of the ewe and sub-
sequent live birth of the lamb is therefore attributable 
to the energy reserves carried by the ewe. The deposition 
of fat is highly functional and the inevitable loss in 
weight which occurs when the fat is Luobilisod must in con-
sequence be regarded as tolerable within quite wide limits. 
Davenport (1939 9 cited in Taylor 1956) maintained 
that white tailed deer, like the hill sheep, above, may 
safely lose 30 of their weight. 
Although weight loss might be expected to occur under 
nutritional strens there appears to be in some deer a 
further adaptation, namely periodicity of growth. There is 
an inhibition of the growth processes at the time when the 
nutritional bottleneck is expected to occur, and consequently 
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there is no demand for nutrients and all the available 
energy is partitioned for maintenance of homeostasis. 
Comparing the growth rates of wild and captive caribou 
calves, MeEwan (1968) found that both exhibited a cyclical 
pattern of growth, but that whereas in the captive calves 
the rate was slower in winter but still positive, the wild 
calves lost weight. This he associated with the high main-
tenance requirements of the wild animal. He points out 
that his figure of 179 loss is the same as found by Druri 
(1960, cited by NcEwan, 1968) in reindeer. Wood et al. 
(1962) demonstrated that black tailed deer voluntarily 
reduced their food intake in winter and lost weiGht as they 
utilised their fat reserves. Similarly Silver et al. 
(1969) found deer reducing both food intake and activity, 
and losing 11- 28 of their weight. Working with white 
tailed doer, Verne (1962) found veight losses of 16% and 
a reduction of marrow fat by 30-50%. 
Voluntary reduction of food intake in winter has also 
been noted in hill sheep by Russel (1967) and in pregnant 
ewes this is associated with a lowering of the Basal 
Metabolic Rate. This he regarded as an adaptation to 
higher energy demands, and it is paralleled by a similar 
metabolic rate adjustment noted by Silver et al. (1969) 
in deer. He noted, however, that in September when food 
intake was high, the higher energy demands resulted from 
greater activity. These doer were subjected to the natural 
fluctuations of weather. Working on experimental red deer, 
on a standard diet in a relatively constant environment, 
Brockway and Maloiy (1967).  found no metabolic variation 
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over one year. Variations between individuals in phys-
iology and temperament must, however, make such experim-
ents with only a few animals rather vulnerable to error. 
Thus Hobson (1970) found that rumen microbes of red deer 
kept indoors and fed on grass fermented grass better than 
heather, whereas wild deer ferment heather better than 
grass, and perhaps due to this do not expefience the check 
in digestive activity in the autumn which is known in sheep.. 
Several workers have noted not only the speed at whidh 
fat reserves are depleted, but the subsequent speed of 
recovery. Long et al. (1959) restricted the diet of 
experimental white tailed deer in winter, and found a 
rapid fat accretion when good feeding was resumed in spring. 
Ulirey et a].. (1969) found that rapid weight loss was ass-
ociated with rapid weight gain. This suggests that not 
only is weight loss a seasonal occurrence and an adaptive 
response without .ill effects within wide limits, but that 
there might be an "overshoot" of fat deposition after a 
period of depletion, particularly when weight gains are 
so rapid. Butterfield and Berg (1966) found there was a 
compensatory growth rate in cattle which had been switched 
from low to high plane feeding. Compared with animals 
fed on a moderate or high plane throughout, a sudden 
improvement for low plane animals induced a higher muscle to 
fat ratio in new tissue. 
r 
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(e). General 
Vegetation in the typical red deer habitat produces a 
heavy annual increment of carbohydrate, so the factor 
which limits individual deer performance is not food 
shortage but lack of protein (Hobson, 1970). Stalkers 
in Scotland note that in some seasons the deer carry good 
fat deposits, but less "red meat" than they would expect. 
Under good lichen conditions, reindeer put on fat, but 
the deficiency of protein in their diet causes the simult-
aneous breakdown of muscular tissue (Steen, 1968). 
Protein is also needed for bone growth (Runnels et al., 
1960), and a lack of protein in the diet of white tailed 
deer stunted skeletal development (Murphy and Coates, 1966). 
It was found that Pennsylvania deer which were stunted in 
growth in their first winter, continued to grow but never 
fully recovered from the effects of the stunting (Magruder 
et al., 1957). In Scottish hill sheep, the Hill Farming 
Research Organisation (1964) noted that underfed lambs de-
veloped into poor sheep even if they were later given 
additional food. 
The reason for this wan demonëtrated by Palsson and 
Verges (1952); they showed that in the early stages of 
sheep development, bone growth has a high priority for 
nutrients, but as time passes the later m'turing tissues 
make increasing demands. So if bone growth is not fully 
achieved during the period in which it can have priority 
the sheep will not achieve maximum skeletal size. 
Fraser (in Fraser ard Stamp, 1968) stressed the need 
to distinguish between sheep which are small because of 
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their harsh environment and those which have been stunted 
by parasites and disease. He stated that sheep from the 
hills are full of vitality and are youthful looking. Their 
chronological age is higher than their physiological age, and 
their food conversion rate is higher than that of lowland 
sheep. Hammond (1960) stated that among the various "growth 
gradients" which occur as the body matures there is a pre-
cedence of organs required for maintainance such as the "offal" 
over the productive parts, such as muscle, fat, and udder. 
Klein (1964) thought that a low plane of nutrition allowed 
a greater development of the digestive tract and organ syst-
ems of deer (Odocoileus), and delayed the process of ageing. 
The Hill Farming Research Organisation (1964)9 using 
Cheviot sheep, showed that if early maturity and greater size 
was induced by good feeding, it was associated with a lower 
survival rate under the stresses of a hill environment. The 
converse, that slow maturation is associated with hardiness 
and increased survival is in line with modern evolutionary 
theory. The death of an old animal has less evolutionary 
effect than the death of a juvenile, since the older animal 
is likely to have bred. Evolution is not the outcome of 
differential- mortality (as Darwin thought), but of differ- 
ential reproduction (Mayr, 1963). Until an animal attains 
the status of breeder, its elimination represents a post- 
partum curb on the reproduction of its parents (Wynne- 
Edwards, 1962). Thus the hill environment tests a young deer 
for a prolonged period, and slow maturation is a significant 
factor in the perpetuation of a highly adapted phenotype. 
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CHAPTER TWO: MORTALITY FACTORS 
The red deer alive on the hill is the product of 
continuous natural selection. Its survival is the result 
of its success in maintaining the internal equilibrium 
necessary for its physiological processes, in a fluctuating 
external environment. An animal which is tested by the 
environment and found to be "unfit", dies. Just as natural 
selection operates on the total phenotype and not on specific 
characters (Letter, 1954) 9 the methods by which animals 
are eliminated are, from the point of view of the species, 
of less importance than the total effect. Diagnosis of 
cause of death is difficult, because the observed symptoms 
may be only the outward expression of a general lack of 
viability. 
Strictly speaking death occurs as a result of asphyxi-
ation, whether this is at the level of the orgnism or of one 
of its component cells. The precipitating factors which are 
the more apparent causes of death may not be easily disting-
uished. This is especially so with the complex association 
of malnutrition, starvation, parasitism, and disease. 
(a). Starvation and malnutrition. 
These terms are to some extent synonomous. Here, starvation 
is considered to be the clinical condition resulting from 
food insufficient in quantity. ilalnutrition implies that 
the food is sufficient, but of poor quality. The overlap 
between the terms is excusable when it is realiced that, 
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since the biological value of food is determined by the 
proportion of the constituents present, a shortage of 
protein, for example, will eventually cause the decline 
of the rumen microflora. This would result in a cessation 
of fermentation, and no further intake of food; in effect, 
starvation. At such a critical stage even the provision 
of good food may not reverse the condition of the animal. 
Nagy et al..,(1967) say that although deer have mi.croflora 
capable of digesting alfalfa hay, these may have become 
extinct, or have only low energy reserves by the time the 
hay is made available. This observation may account for 
isolated cases of mortality associated with artificial 
feeding. Carhart (1945 cited in Taylor, 1956) described 
a feeding programme in which 1365 deer died, compared 
with a mortality of 3 on a range where browse sustained 
4- 
the deer. Similarly, spectacular die-offs occured among 
mule deer, following artificial feeding in Colorado. - As 
many as 253 dend animals were found on a 40 acre plot, 
most of them with stomachs full of hay and concentrates, 
(Hunter and Yeager, in Taylor, 1956). 
The inability of rumen organisms to adapt sufficiently 
quickly to their new environment led Klein (1965) to state 
that the greatest potential for dietary inadequacy is in 
early spring. Similarly Harris (1945) found that the 
greatest losses among white tailed deer were in April, after 
the snow had gone. Deaths were attributed to malnutrition 
although all deer died with full stomachs. Hunter and 
Yeager (in Taylor, 1956) in stressing the importance of 
choice in food, noted that malnutrition, as detected by bone 
marrow condition and absence of body fat, followed by heavy 
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mortality, may occur despite abundance of cetain foods. 
(b). Disease; nutritional. 
In 1897 Millais wrote; "March and April are the fatal months 
for deer, for they do not as a rule, succumb during great 
privations, but afterwards." In the hill situation, Spring 
provides the nutritional bottleneck which determines the 
stocking rate of deer or sheep. Although the sudden increase 
in mortality which occurs then is an expression of long-term 
factors, certain diseases can be recognised as prevalent at 
this time. Although complex in nature, these are popularly 
associated with improved feeding conditions, coming at a 
time when growth and pregnancy are making increasing demands. 
In sheep farming they are known by a variety of names; grass 
tetany, grass staggers, green braxy, lambing sickness, etc. 
Evans (1891) attributed the death of red deer in Ross-shire, 
Scotland to "green braxy". 
Although essentially metabolic disorders, apparently 
due to mineral imbalance, these diseases are often betrayed 
by misleading clinical conditions which seem at the time to 
be caused by fright, sudden movement, or cold winds (.ipedding 
1965). It is difficult to diagnose whether changes in body 
tissue are the result of malnutrition, or the shortage of 
one or more dietary essentials (Fraser and Stamp, 1968). 
Furthermore the deficiency may not be in the food, but may 
result from interference with absorption. 
In domestic stock, hypomagnesenüa and hypocalcemia 
are both associated with cold, wet, windy weather with little 
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sun. Blood serum levels of Mg were found to follow closely 
the rise and fall of temperature, and was at its lowest be-
tween December and April (flicroft, 1947).. Supplementary 
feeding of magnesium did not make up the apparent deficiency, 
and there was no correlation with access to a spring flush 
of vegetation. It w.r considered that the magnesium level 
was under endocrine .ontrol, and Stamp (in Fraser and Stamp, 
1968) suggested th:.t low blood magnesium is "due to some 
incapacity of the animal to deal with an unusual occurrence." 
Hypocalcemia affects sheep late in pregnancy or during 
lactation. Animals afflicted are apparently less able to 
mobilise their calcium reserves, or have less in reserve to 
ztobilisc (Stamp, on. cit.1 kain, however, supplementary 
feeding does not necessarily help, and the cause is unknown. 
The balance between the calcium in the blood and in the 
bones is associated with vitamin D and is controlled by the 
parathyroid gland (Runnels at al. 1965). 
The effects of dietary deficiency on the mineralisation 
and permanence of teeth must be considered as a contributory 
cause of mortality. Lowe (1969) states that all natural 
mortality of red deer on 111mm was associated with defective 
dentition, although he regards even the loss of enamel 
ridges in young deer as an impairment. Although teeth 
themselves are safe from later demands for calcium resulting 
from pregnancy or lactation, the sockets are, like other 
bonea, reserves which cn be drawn upon. On poor ground 
the practice of supplementary feeding sheep may over-stimu-
late later milk production on the hill, which then requires 
heavy withdrawals of skeletal minerals to sustain it Will 
Farming Research Organisation, 1961). Thus, under wholly 
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extensive conditions "broken mouths" are regarded as being 
of nutritional or "grçund" origin. Fraser and Stamp (1968) 
defined a "broken mouth" as an incomplete set of incisors, 
these being the only teeth e'sily examined in a live sheep. 
It is seldom that deer jaws picked up are complete in this 
respect since the incisors are easily lost once the soft 
tissue has rotted, and the tip of the ramus is quickly 
gnawed by other animals. If red deer are prone to broken 
mouths, the incidence of this on the study area may well be 
above average, judging by the poor antlers on the stags and 
the speed at which cast antlers and other bones are consumed. 
Red deer of both sexes chew bones.. The patience and 
persistance with which one hind was seen to deal with a 
femur, trying to hold it and chew it siu1taneously, must 
be a measure not only of its need but its relish. 
Teeth and bones contain 99A. of the calcium and 80/'00 of 
the phosphorous present in the body, and a continual with-
drawal of these minerals results in a clinical condition 
known as osteoporosis (Tyler, 1964). The base-poor habitat 
of the red deer must therefore favour an animal which is 
economical in the mobilisation of its skeletal constituents. 
(c). Disease: livinR agents. 
;& sudden change to a rich diet may result in considerable 
losses among sheep due to enterotoxaernia. This is caused by 
toxins produced by organisms of the Clostridium group in the 
small intestine. The organism is a normal member of the 
tuicroflora, but thd disease occurs when there is an improve- 
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ment in condition, and to hill sheep the new growth of 
grass in spring represents a hazard (Stamp, in Fraser and 
Stamp, 1968). A die-off of feral Loay sheep in 1960 (55> 
of 900 ewes) was attributed to enterotoxaemia (Uunn and 
Doney, 1964). These died in spring althowh they entered 
the winter in good condition. In red deer similar die-offs 
may occur, and a quick growth of grass is believed to be 
fatal to them. 
The part played by parasites and diseases in deer 
mortality may be overstressed by people better acquainted 
with the problems endemic in livestock husbandry. indeed, 
according to Butt (1958) there is within domesticated 
breeds a vast reservoir of genetic material from which one 
could select disease resistant strains. However Dunn (1969) 
noted that even in domestic stock most helminth infections 
produce no detectable clinical or pathological chances. A 
distinction must be drawn between presence of infection 
tnd presence of disease due to thatinfection. Dunn die-
min-es evidence of deer mortality due to helminths as in-
conclusive. Deer seen to be unaffected by many of the 
better known pathogens of sheep and cattle, judging by the 
paucity of symptoms in deer despite the presence of the 
infectious agents in their immediate environment (cDiarmid 
1967). Experiontü deer kept at the Rowctt Research 
Institute, despite contact with cheep, showed relative 
freedom from intestinal parasites (Naloiy et aTL., 1968). 
oDiarmid (1969) recorded that of 31 well reco'nised live-
stock diseases 27 occur in sheet, 19 in cattle; 12 in pigs, 
but only 7 in deer, and two of these are of no clinical 
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which prevents a deer from living a fully normal life, and 
he concludes that doer are exceptionally healthy animals. 
On the study area most of the shot deer are found to he 
carrying liver fluke (Fsciola honatica), but a1thou'h the 
stalkers stress the ill effects fluke can have on the animal, 
most of these deer were shot because they were in good 
condition, and appeared to carry their burden without ill 
effect • Cheatum (1951) found a third of the liver destroyed 
by flake in n otherwise healthy animal. During the present 
study I examined the livers of eight hinds and six knobbers 
(two of these in very poor condition) without finding any 
fluke, although eleven of these were taken from ground with 
a reputation for fluke infestation. 
Reviews of diseases found in red deer can he found in 
Cameron A.E. (1932), Cameron T.W.14. (1932), Daniel (1966), 
Dunn (1967), Mcflianid (1967), Thompson (1967). 
Animals starving or suffering from malnutrition are 
more vulnerable to disetse or parasitic attack; "pestilence 
accompanies famine" (Lack, 1954). Cowan (in Taylor, 1956) 
went so far as to say that nutrition is the key to the con-
trol of most outbreaks of parasitic di ,-,ease. A simple 
relationship between malnutrition and disease was noted by 
schwartz and I4itchell (1945); in wapiti, malnutrition was 
"induced" by eating coarse, woody browse, and this produced 
lesions in the mouth. Similarly, Carhart (cited in Taylor, 
1956) maintained that emergency feeding with alfalfa hay 
damaged the lining of the gullet, inviting infection. As 
a converse, increased food intake with a greater proportion 
of coarse browse, may itself be a symptom of intestinal 
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a converse, increased food intake with a greater proportion 
of coarse browse, may itself be a symptom of intestinal 
infection, -ccording to Trainer (1967). Cheatum (1951) ex-
amined deer which had apparently died of malnutrition and 
found their stomachs full of adequately nutritious food. 
The wasting here was attributed to the combined effect of the 
normal burden of worms and a secondary bacterial infection. 
These resulted in pneumonia, which may in turn have been 
triggered by chilling. In any case, the deaths were independ-
ent of simple malnutrition, Similarly, Goble (1941), re-
cording progressive effects of lungwornis in tissues of white-
tailed deer, noted that interstitial pneumonia may occur 
following inflammation, but that this may not otherwise 
affect the deer if its health is good. However a complex 
of lungworm-exposure-bacteria may lead to death. 
If deer in good condition are more resistant to dis-
ease, their manner of using their habitat also reduces the 
rate of cross or re-infection. It can be asumed that the 
disease organisms have evolved a system of ensuring that 
cross infection will take place, but the behaviour of the 
animal must keep this to a tolerable level. Longhurst and 
Douglas (1953) said that deviations in feeding behaviour 
contributed to the acquisition of pathogenic burdens of 
Trichostronylus in American deer. In the case cited, 
the concentration of deer on sheep ground led to a hicher 
mortality than found in the sheep. Dunn, (1969) believed 
that a number of parasites require the continuous presence 
of a reservoir in domesticated animals to achieve more 
than rare status in deer. The health of a red deer must be 




ate the infectivity of its endemic diseases. Lack (1954) 
rioted that the degree of exposure to infection is density—
dependent, but that disease may not become effective until 
malnutrition occurs, i.e. the animals then succumb to 
diseases they have harboured all along. 
Behavioural responses to parasites include the opting 
out of the general grazing pattern of behaviour by animals 
carrying high infections. This lowers the infectivity of 
the environment of the other deer (Van der Welt and Jansen, 
in Hafez, 1965). Trainer (1967) found that shelter seeking 
behaviour in symptomatic of insidious diseases ouch as 
Strons'ylun. Similarly, dying Soay sheep grazed apart from 
the others, and retreated more readily into cleits (stone 
shelters) where most of the deaths occurred (Grubb and 
Jewel, 1966). The yearling males in particular were seen 
to wander off and collapse off their home ranges • Wounded 
rod deer become solitary until they die or are healed 
(Darling, 1937). By altering behaviour, disease increases 
the risk of predation. 
During this study two yearlings which were solitary 
and noticeably in poor condition were shot. They were both 
males and both were near the public road; one had a crippled 
leg. Both were small for their age, with undeveloped 
pedicles, suggesting a long period of unthriftinees, and 
neither had fat in reserve. Oroos examination of the 
internal organs  revealed no obvious parasitic burden or 
infection, and lice, ticks and keds were not numerous. 
In both cases, however, warble strike was abnormally high, 
amounting to many hundreds of larvae, crowded with hardly 
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a space between them over the entire back. Although the 
poor condition of the deer could be blamed on the parasite 
burdens they bore, their long-term poor performance suggested 
that their unthriftines3 may have lowered their resistance 
to infestation, and typical pining behaviour excludes the 
avoiding reactions deer make when there are warble flies 
about. 
One regularly occurring infection which may not be 
secondary to malnutrition is "lumpy jaw". This Is believed 
to be actinomycosis, an infection resulting from the 
intrusion of food Into gaps between the teeth, where it 
becomes compacted and causes an abcess. Its later effect 
of jaw necrosis allows it to be detected in clean bone. 
Mech'(1966) reviewed its occurrence and implications in 
moose; he found 14% of 91 lower jaws infected, Cowan 
(in Taylor, 1956) reported 9 cases in a sample of 156 black 
tailed deer. In the present study 4 cases were found out 
of 55 jaws from animals estimated to have died naturally, 
but in some instances only one ramus was available. Of'the 
necrotic jaws two were from calves and two from yearlings. 
Three were necrotic at the root of the first molar and the 
remaining one at the root of the last premolar. Cowan 
(op.cit.) found the usual site to be at the root of the 
first molar or between this and the last premolar. It is 
estimated that these red deer must have found the malform-
ation and the accompanying pain a severe impediment to 
normal grazing. Trainer (1967) believed that starvation 
results from such a condition. I noted very few necrotic 
jaws among the stags and hinds called, less than one per 
cent, and some of these may have been the result of much 
earlier damage, successfully repaired. In the older animals, 
however, there is c' freçcnt incidence of coapacted food 
particles forrninc Vocketz in the alveola3 of the jr.w then 
the oeclunal surface of the tooth row has cc-sea to be con-
tinuou8. AgLsin, this is most frequent &t the point of 
greatest tear, the first molar. 
Actinomycosia can affect any bone. The high incidence 
of jaw necrosi was explained by nunnclo et al. (1960) ao 
an indication of the route of infection. It is induced by 
coarse food, but the organisa must be ingested on food, 
contaminated by infected animals. If this is so, then its 
occurenceis likely to be density-dependent. 
¶1er (1964) mentioned the danger of botulism in 
domestic stock when they chew rottinc bones. Lvans (1891) 
recorded that red deer on Jura chewed putrescent bono and 
skin, althouOt Darlinc (1937) said that deer 'wait until the 
bones are white. 
I watched the reactions of one group of deer to a 
carcase which, althouch fresh, had boon rethtccd to uiziiA 
and bone by scaven6ere, (29/3/69). They were upwind of it t  
and only four deer ;, which were in a position to see it, 
showed any response. They becane alert and craned their 
necks,, bunching together and jo3t1in each other to look 
ahead. They did not come closer than 30 yards, and then 
took fright and ran back to the herd, a hind among thou 
kicking. her calf before bar. 
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(a). Stress. 
Hughes and Mall (1958) found that decline in body weight 
of black tailed deer on overstocked r"iiges was correlated 
with an increased development of the adrenal cortex. They 
concluded that variation in adrenal weight is a consequence 
of the varying stresses of environmental experience. 
However, Christian, Flyger and Davis (1960) 9 finding a 
similar correlation between body condition and adrenal 
weights in sika deer could not associate this with limit-
ations of food supply. They considered the evidence supp-
orted the thesis that, although populations can be reduced 
by changes in the mortality and reproductive rates, these 
are hrought about by hyperstimulation of the -xlrenal cortex 
tb ....h social stress. Christian and Davis (1964) main-
tained that there is no evidence that disease is a primary 
cause of population reduction, but that social stress when 
increased by overcrowding reduces resistance to disease 
and induces physiological derangements. 
In the sika herd, functional disorders were especially 
prevalent among the females and young up to the age of 
three (Christian, J"lyger and Davis, 1960). In sheep, 
Alexander (1964) found that the mortality rate of lambs 
increased with density, but he could not correlate this 
with disease. But neonatal mortality reflects not only 
the health of the neonate, but that of the mother. Since 
Christian and D.ivis (1964) conceived that social intraction 
acts in a behavioural/endocrine feedback system, increased 
social stress was bl2ned for inadequate lactation and 
27 - 
lowered neonatal survival. 
Neonatal losses at high densities mqr,,b.owever, 
occur more directly De Vos (1960) attributp.d iost neonatal 
deaths on caribou calving grounds to violence by strange 
female3. 
Red deer, like many other ruminants, live at a degree 
of sociability which involves much social interaction. 
Sub-dominant animals such as yearling males, appear 
from my own observations to be harried by every other class 
of deer except calves, They may suffer physiologically 
as a result of social stress. Nowever, unlike the sika 
already mentioned, competition for resources mabe such 
that it would be unwise to associate a higher mortqiity 
rate in thisciass to social stress alone. Under the con- 
ditions of :the hill environment, it may be that social 
stress is a:contributory factor in the disease/malnutrition 
complex. 
(e). Loss of young due to lack of mothering. 
When Smith (1964) examined dead lambs hefound.that.27% 
had been attacked by predators, but that of all lambs 
4 	
examined, 70% including those which had been attacked, 
-4 	 showed evidence of desertion and starvation. Similarly 
I 
.lexander (1964) considered that the in incidence of in- 
fectious disease and other pathological conditions in 
dead lambs is an indication that most mortality can be-
accounted for by behavioural and physiological factors. 
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Both Smith and ;aexander associated the desertion by the 
ewes with difficult parturition. Purser and Young (1959) 
found that lambs born to older sheep had a better chance 
of surviving the critical neonatal stage, but that generally 
speaking a ewe's first lamb was twice as likely to die than 
later ones, irrespective of her age. 
Difficult parturition inhibits the early mothering 
responses of the dam. Opinion has varied on the value of 
licking and grooming by the mother, but recent evidence 
from cattle suggests that the prompt licking by the cow 
triggers off a physiological process in the calf which 
greatly increases the rate at which it absorbs antibodies 
from colostrum. Calf mortality is reduced by ensuring 
that the cow can lick the calf (I. Selman, Glasgow Univer-
sity Vet. School, pore. comm.). 
Darling (1937) thought that in the early days of their 
lives red doer calves were little affected by parasites. 
According to $everinghaus and Cheatum (in Taylor, 1956) 
Lawn white tailed deer when artificially reared suffered 
from high ectoparasite infection, and this they blamed on 
the lack of licking. However, on the debit side, it is 
possible that licking is the means of transmission of 
actinozaycosis, in part accounting for the high incidence 
of "lumpy jaw" in red deer calves. 
It is widely held that a motherless red deer calf 
will not survive its first winter. Lactation is believed 
to last throughout the winter, and in fact a hind yeld in 
the following year may continue to provide milk for her 
yearling. Observation tends to indicate that even in times 
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of food shortage, demands for milk are not great; however, 
Darling (1937; corrected edition 1956) maintained that 
although the yield is small the milk has a value out of all 
proportion to its quantity. In the hill environment the 
value of milk was demonstrated in sheep by Russel and Eadie 
(1968). Single lambs showed a 20% bettor growth rate, 
associated with 20% better milk production by the ewes 
when these were grazed on reseeded pasture instead of the 
bent-fescue grassland more typical of the sheep-walk. 
Since red deer frequently subsist on pasture of a poorer 
quality than bent-fescue, one might suspect that hinds 
seldom realise their potential production of milk. Darling 
(op. cit.) quoted the Duke of Bedford, who questioned the 
long lactation of hinds and suggested that calf deaths 
after December (in the Highlands) were the result of lack 
of mothering rather than lack of milk. 
A definition of mothering would be hard to make; it 
implies not only tending but guidance in the proper use of 
the habitat for food and shelter. Tribe (1950) said that 
in the semi-feral Ronaldsay sheep imitation of the parents 
by the lamb is essential to flock preservation. Indeed 
regulations about dipping were waived when it was found 
that the disruption in the learning of feeding habits re-
sulted in high lamb mortality. Tribe noted that the lamb 
does not learn species selection from the ewe, but the 
areas in which it is best to feed and the time at which 
it is best to do so. Hunter (Hill Farming Research Organ-
isation, 1961) commented that for a hill sheep the home 
range (which he wrongly calls territory)it adopts seems 
to be learnt from its mother, 
Wynne-Edwards (1962) considering the implications of 
mothering noted that "parents can exercise intrinsic control 
over the survival of young"; (intrinsic control includes 
milk production). Paso, "parental care minimises the unpre-
dictable element of juvenile mortality". 
Observation of red deer on the open hill does not pro-
duce much evidence of benefit of mothering to a calf more 
than six months old. Since hind groups maintain a high 
degree of cohesion throughout the year, mothering, in so 
fir as guidance is concerned, might be thought to be a 
group attribute, which would compensate for negligence on 
the part of any one mother. But motherless calves are 
said to become solitary, suggesting that the attachment of 
the calf to the group is through the mother, and mothering 
is therefore necensary for the proper development of the 
social instinct. A calf may be assumed to benefit from the 
social st-tus of its mother, and her removal might mean 
that it is picked upon, or excluded by the rest. 
On the other hand since so much of the mortality occurs 
late in the first year, or in the second, it may be part of 
the price of independence. 
(f). Predation. 
In Scotland, adult red deer have no predators other than 
!safl. Nevertheless, they have evolved with predation as 
a mortality factor of the species, and it is reasonable 
I 
to suppose that the observed natural mortality still in- 
cludes a proportion which would have succumbed to predators. 
Klein (1965) found that in two Alaskan deer populations 
the one preyed upon by WolVea (and greater hunting pressure) 
suffered less mortality from other causes. 
Studies of moose (Mech, 1966) suggest that the heaviest 
predation is exerted on animals vulnerable because of age 
or disease, and in older age classes almost entirely those 
diseased. Thus the effect of predation on the shape of 
a population will be similar to that caused by disease 
only. Leopold (1933) termed this "sanitary predation". 
Cowan (in Taylor, 1956) cave evidence of the role of pre-
dators in removing diseased black tailed deer. Similarly 
Borg (1962) found that of 1,031 dead roe deer (in Sweden) 
15t had been killed by predators, and of these 54.5% were 
diseased. 
Nech (op.cit.) found that wolves selected their prey 
very carefully, testing it for "fitness " . Of the 77 moose 
so tested, only six were killed, giving a predation effic-
iency of 7.8. He compares this with a figure of 7.6c/ a' for 
four European raptors. From field examination heels judged 
that every adult killed was In some way predisposed to pre-
dation. 
In Scotland the red deer calves are within the size 
range of prey taken by the golden eagle, fox and possibly 
wild cat. Owing to the fondness of eagles and foxes for 
carrion, reliable estimates of the effect of these pre-
dators are few. On Rhum, bruises in the meat of carcases 
indicated that about 13.4A of deer calf deaths were due to 
eagles (Lowe, 1969). Darling (1937) was of the opinion 
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that ewjles take a few deer calves, but not many; the 
three or four iairs of birds on his study area took less 
than h-- if a dozen calves between them. Also working in 
.ester Ross, Lockie (1964) found tht eagles took few 
calves, and er.mination of remains of lambs in one nest 
showed that of 22' brought in to the nest in five years 
the birds had killed about seven. 
Golden eagles are capable of killin; larger prey, 
e.g. pronghorn (Lehti, 1947; Thompson, 1949) and roe deer 
(Borg, X962). Borg records predation on an adult roebuck. 
southern (1964) cives the weight of British roe as 23-32kg. 
and during the present study an eagle was seen to kill a 
red deer calf which weighed 20kg. (Cooper, 1969). Muric 
(1951) includes the golden eagle among predators of wapiti 
calves, although these weigh 40 lbs. (18kg.) at birth. 
W. icobie (stalker on the estate) drew my attention 
to the remains of another calf ithich he thought had been 
killed by an eagle, shortly aftrr the incident mentioned 
above. By the time I ermined it only scattered bones re- 
rained, but the back of the skull showed punctures. Nillais 
(1897) informs us that in Reay Forest there was a spot 
where eagles used to drive deer to their deaths annually. 
Lockie (1964) found that foxes took many deer calves, 
and Darling (1937) thought that it is only in the first 
few days of a crtlf's life that it is vulnerable, since 
at that time it is left alone by the hind. The fox has 
been described as an opportunist predator in a study of 
fox -ctivity in a lambing flock (Alexander et al. 1967), 
Here they largely ignored healthy lunbs and were in fact 
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easily intimidated by both ewes and lambs. Gibson and 
MacArthur (196) saw an incautious fox killed by a roe doe. 
Alexander et al. (1967) observed that certain in-
dividual foxes may be accustomed killers. This may also 
be so with golden eagles; as Lockie (1964) pointed out, 
this may be related to local variations in alternative 
prey. Alexander et al. considered that the foxes under 
study were facultative predators, but were primarily attracted 
to the sheep flack by the presence of foetal membranes. 
Although the effects of natural predation may be 
slight, the role of the fox and eagle as scavengers is 
significant. Even in this role they influence the deer 
population by, firstly, removing infective material, and 
secondly, by transmitting infection. Thus the digenetic 
parasites such a Cystocercus tenuicolis persist in deer 
through the intervention of the clog or fox as second host. 
Carrion may be a reservoir of infections ouch as avian 
tuberculosis, found in golden eagles. J4acDiarmid (1967) 
disapproves of the practice of leaving gralloch (entrails) 
of shot deer exposed to scavengers. Similarly, noting the 
high mortality which can occur in 'Wapiti, and in which 
scabies is implicated, I4urie (1951) suggested that infected 
carcases should he burned. 
(g). Traumatic injury. 
Although injury would seem to be a distinct cause of death, 
the extent to which it may be associated with other factorØs 
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makes it no more easy to measure. Leopold (1933) defined 
accident mortality as loss from physical causes alone, 
distinct not only from looses involving disease and poison-
ing but also from a combination of mechanical causes and 
disease. 
There are abundant references to accidental death in 
deer, especially those brought about by exceptional circum-
stances; antlers locking during combat, entanglement in 
wire, choking on bones etc. Less exceptional nowadays are 
road casualties, and some remains examined during this 
study were of deer thought to have been involved in 
collisions with cars. It is arguable, however, that they 
were killed randomly, Bince most of these hapened in 
winter when the deer were along the roadsides, and weak 
animals in poor condition might have been at equal risk 
from death on the road and from more natural mortality. 
Animals in good condition, if involved in an accident, 
might be expected to have a greater chance of recovery, 
complete or partial. An example of this was a crippled 
stag who survived nearly two years, in the meanwhile 
growing corkscrew antlers, and finally died as an apparently 
typical early spring casualty. 
Chapman and Chapman (1969) examined 22 fallow deer 
killed on roads, and found that 10 of these had fractures 
already healed. The contribution such previous injury 
niip,ht make to the subsequent cause of death is thus Im-
possible to assess. 
The hill environment is a relatively simple one and 
does not afford a great variety of possible accident- 
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situations.. Nevertheless Gunn (1967) estimated that 50% 
of hill ewe mortality is attributable to accidents. Lambs, 
and presumably deer calves also, are at risk from drowning. 
Robinette et al. (1957) found that male deer fawns were 
especially prone to this, and Dasmann.(1964) also noted a 
higher accident rate among male fawns. 
Lowe (1969) noted that yearling deer fractured their 
• 
	
	jaws at the weak point caused by tooth eruption,:  when they 
fell on rocks, thereby bringing about their deaths by 
• 	starvation. Ply own mortality searches below crags revealed 
remains of animals which probably fell to their deaths. 
The antlers of stags prove to be anencuinbranocihen they 
are negotiating rock ledges, and the delicacy with which 
even a stag i full retreat'wl skirt projecting rocks, 
loaning outwards to keep his antlers clear,. is jerhaps.. an. 
indication of his awareness of the risk., 	. 
On the other hand; stags in combat are less careful. 
Data in this study includes two stags which presumably,  
toppled into a crevice while fightinc. In this situation 
injuries to the limbs may be regularly occurring, and this, 
together with goring, may account for a proportion of-the 
"deaths from unknown causes"! found early in the following 
winter. 	 . 	..• 	. 
Stag antlers also get caught up in loose wire but 
intact fences are also likely to cause injury either in-
ternally (t'icDiarmid, in Bannerman and Elaxter, 1969) or 
externally, if barbed (Murie, 1951) dealing with wapiti), 
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CHAPTER THREE: DIFFERZUTI.L CORThLITY. 
(a). Aiw differences in mortality. 
All deet are not at equal risk of dying. Besides the 
bias of shooting selection, natural mortality pressure 
is applied unequally, and varies with sex and age. .This 
is. a. characteristic feature of ungulates, and in deer the 
high mortality rates of. young in their , first year of life 
are well recorded (Klein and Olson, 1960; Koiviato et.al ., 
1966; Severinghaus, 1947; Cowan, 1950). Such mortality is 
frequently attributed to the starvation of the smaller, 
animals. which in well-browsed areas are unable to reach 
the branches available to the adults (Healey, in.Taylor, 
1956).. In highland Scotland, however, all food is usually 
within reach of calves, and yet.the typical 111gb juvenile.. 
mortality occurs. Darling (1937) estimated calf mortality 
to be 505, and Catnéron (1923) using data supplied, by Ivans 
(1891) judged that one fifth of calves counted in February 
would die later in the spring. Lowe (1969) stated that on 
Rhum, of all deaths recorded, calves comprised  
The importance of exposu±t to low levels of infectivity 
at an early•str.gc in life has already .been .noted, and the 
corollary, that exposure of animals without immunity to 
high levels wiliresult,ifl'heavy mortclity. High calf 
mortality may therefore be associated, with heavy parheite 
burdens (Klein * 1965; Schwartz and rutchell, 1945; Goble, 
1941) 	Contrary evidence was given by Cheatuni .1.951); 
although a significant differerco was found., between liver 
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fluke burdens in winter-kill and shot adult white tailed 
deer (nearly double), there was no significant difference 
in fawns. 
It is in the rico-natal stage that the deer is first 
tested directly by the external environment. It follows 
that it is at this stage that the primary selection against 
deleterious, or otherwise unfavourable genes 
occurs. Thus the more overt abnormalities such as described 
in red deer by Daniel and Kershaw (1964) are seldom en-
countered in a wild population. However, the nature of 
genetic variation implies that a continual sacrifice is 
made to natural selection, and there must therefore be in 
any deer population an unknown number of individuals 
genetically predisposed to early mortality. In livestock 
husbandry, where survival of neonates is artificially en-
sured the frequency of deleterious genes increases. 
The newborn is immediately required to make its own 
metabolic adjustments to meet the "environmental demand 
for heat". The continuous supply of nutrients such as 
glucose has now been severed, and the young depends on 
a stockpile of glycogen laid down prior to birth. If 
cold uses this up quickly, the neonate is under severe 
nutritional stress (Hafez, 1968). In lambs there is a 
0 
drop in rectal temperature of 2-3 0 in the first hour, 
and they are then particularly susceptible to cold. 
Since inability of bovine calves to produce extra 
metabolic heat at birth is related to adrenalin response 
(Blatteis, 1963), and Chitty (1957) believed that there 
is a carry-over of symptoms of stress from one generation 
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to another, there may be wide impflntiono in neonatal 
mortality and its relevance to population density. Steg-
orica (.1967) rolctd the occurrence of lethal factors and 
other èongeinital diseases to ,season of birth (or concept-
ion) and suggeste4 that this. is an indication of the in-
flucilce of climate on hormonal balance. 
The energy demands for growth allow little to be laid 
by as a recerve; the Basal Metabolic Rate of young animals 
Is higher than that of adiA.ltw (Tyler, 1964). When. assessing 
fat deposits of white tailed deer, Barns (1941) saw that 
the symptoms of malnutrition showed first in fawns. Simil-
arly.the•calf killed by - an eagle duringthts study, although 
apparently healthy, had low fat reserves, although at the 
end of July the feeding was good.! In hill sheep husbandry 
it used to be the custom.to keep gimmors (i,e..fernaies ij - 
2j- years old). apart from older ewes, since they lose more 
body weight in winter! . 	 . 
It is axiomatic that old animals have a high death*  
rate, DaviVn and Golie (1963) regarded the inclusion of 
senility as a mortality factor aé just another way of 
saying that the probability of dying increases with age; 
"senility itselff is no cause of mortality, it is merely 
a summation of risks." In red deer it Is generally be-
lieved that the upper age limit is determined by the rate 
at which the teeth wear. 
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female. 
fly own field observations are that it is when the 
young male red, deer begin to acquire obvious male sexual 
characters that the older stags start to bully them, espec-
ially during the rut. At all times of the year these 
knobbers are harried by hinds., to the extent that may only 
find peace to graze on the perimeter of the group. This 
might widen the discrepancy between enera intake, an terms 
of quality and quantity of food., and energy expended', by 
stress and exposure. it is not uncommon to find knobbers 
alone, and in poor condition. 	 .• . .' 
Male yearling Soay sheep were seen to 'wander aimlessly, 
and to collapse and die (Grubb and Jewell, 1966), but no 
enlanatidne were given, and similarly, Lowe (1966) did 
not hazard an explanation for the wandering behaviour which 
resulted in male 'carcasses' being recovered on an .averge 
three times' as far from the 'place of live-marking as females, 
and more than four times-lower in ltitude. 
'High calf mortality ' was blamed by 'Klein' and Olsen 
(1960) on their wandering behaviour, which exposes them to 
a high risk of.predation or accident. Andersen (1953) found 
that during a 'shoot-out of .a roe deer population, males 
appeared to be more vulnerable and made up a larger 'fraction 
of the earlier kills than the later ones.. Of all Scandan-
avian red deer deaths examined by ithlen'(1965) and classif-
ied as having died of starvation or unknown causes,' 75 
were calves of both sexes, and the retaining 25 were male 
yearlings. With $wedi'sh roe deer, Borg (1970found that 
up to the age of three months more females died than Riales, 
I. 	 - 
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but 54; of older fawns were males. 
In a herd of red deer differences between individuals 
[nay:" quite obvious, even though the envirornent appears 
to be affecting all indiscriminately. Apart from the 
zaorholo6ica1 differences due to are or sex, one deer may 
appear to be starving while the others hold their own on 
the same food; one may be showlnc sicnc of a parasitic 
burden while the others do not. These animals are exposed 
to the sane external influences as the other deer but their 
response is different. 
Similar individuality can be seen in the process of 
ageinc, which Eaynard Smith (1964) conceived as a declining 
resistance to mortality. This resistance is an unv!ryin!J 
property of the individual. By usinc cenetically identical 
Drosothila he demonstrated that although the uoanc of 
death vere determined by the environent, whether they 
proved to be lethal was deteruined by the constitution of 
the animal. The vitality, or nortality resistance, declines 
at a constant rate but in similar environments some animals 
will die sooner because their rate of decline in mortality 
resistance is faster. In so far as what will kill the in-
dividual depends on the mortality resistance of the animal, 
each individual has in.ita genetic cake-up the prescription 
of its own death. The removal of the bioat critical mort-
aitty.. factor may prolonG its life but does not alter the 
rate of decline in its resistance to mortality. 
To understand uortality it is necesary to look well 
beyond the "causes" of dôath, which are the major concern 
of these involved in the intcnuive production of aninials, 
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and to emphasiSe rather the results. There is an increasing 
awareness that veterinarians must pay less attention to the 
diseased and the dying and more to the survivors..(Hutt, 1956). 
It is when we consider the effects of natural mortality on 
a population that we see its creative aspects. 
(c). Differences in resnonse to environment. 
All the animals in a.popuiation are not at equal risk, and 
the factors which determine which will die are simultane-
ously selecting those which will survive. When the dynamics 
of a population is being investigated its members are class-
ified according to their sez and age, but they differ one 
from another in an almost infinite number of other ways. 
For convenience it is assumed that these varying characters 
will not bias the classification in space or time. The 
Population is regarded as hornogeneous, and not aiterinàin 
a way vhich will affect its numerical performance. Never-
theless it must be remembered :that mortality, as a tool of 
natural selection, is not applied according.to the criteria 
of.. sex and age.. In a changing environment a population has 
to be dynamic in other dimensions, but in the short term 
one hopes that it will be maintained in a relatively, stable 
condition as required in demographic analysis. 
Since the genotypo of, an animal includes unexpressed 
and recessive characters, . it is the phenotype upon which 
natural selection operates '(Mayr, 1963). In a large out-
breeding population such as red deer a continual heterozy- 
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rosity is maintained, and there is always a pool of van-
ability. By applying mortality differentially, natural 
selection eliminates extremes of variation from either side 
of the mean. irisht (1951, cited inLerner, 1954) stated 
that "the best adapted form in a species is usually one 
which is close to the avenice in all quantitatively varying 
characters." This was demonstrated by Burpus (1899, cited 
in Lerner, on. cit.) when he examined dead. sparrows after 
a violent storm. He found that for eicht out of nine body 
measurements, the average deviation from the nean was 
çrer.tcr in the dead birds than in the survivors. Similar 
selection cg:Unnt the very lace and the very suc.11 has 
been noted in hurann babies and in lambs as already Mentioned. 
Cameron (1923), judging the phenotype from the point of view 
of a ctalker rather than a deer, described this as "the per-
sistent drag of the mediocrity". 
.tlthouch the further animals are from the balanced 
fitness" of the favoured mean the more at risk they are, it 
is not as a rule possible to gauge how much selection 
pressure is broucht to bear upon them. Natural solection in 
fact appers to tolerate a fairly wide deviation from the 
mean before lack of "fitness" is discriminated acainot, and 
the selection iressureis not constant in a varying envir-
onment. 
The phenotype of an animal is produced by the action of 
the environ-nent upon its cenetic inheritance. Uutrition is 
one of the strongest factors in the environmental, complex. 
The classical experiments of UcUcekan (1940) are relevant 
to a discussion on condition, but at the sue tine wider- 
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line the n- cd to underst:'nd the role the environment plays 
in produog a local, and apparently "fixed " phenotype, 
Growth gradients exist between the different tissues of 
different parts of the body, In the early stages of life, 
bone a'es most growth, followed by muccies, whereas fat 
attains naximurn growth uuch later. Other gradients run 
fron the cranium backward and the tail forward, and they 
meet at the lui.bar vertebrae. Thus aftS birth, the loin 
has to make the most growth, then the pelvis and thorax, 
the neck,, and lastly the head. By arguing that nutrition 
must affect early and late maturinz parts differentially, 
'iccekan directed the arowth of pigs towards very diffc.rent. 
confonatlono. An tere killed at 200 lbs. Pigs on a high 
plane of nutrition throughout had developed into early-
naturiwj pork types, with nnflmutn attainment in skeleton, 
muscle and fat, on all parts of the body. Those on the 
high first - low later diet developed the early maturing 
parts to the full, but laid down less fat, (bacon type). 
Low - high inhibited Lull development of early maturing 
tissues, and a fat carcaso developed on a stunted fre 
(lard type). The low - low conforme;i to the wild type, 
legy and lean, with a large head, narrow loins, and very 
little fat. 	 - 
Under the conditions of domestication, devi7nts are 
frequently tolerated if they are not contrary to man's 
interests, or they may be selected for if they represent 
types he considers more desirable. But there is a contin-
ual preusuro by the environment to conform to the fittest 
phenotype. Thus it was found that although under trtificial 
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conditions differeit pines of nutrition applied to sheep 
reculted in a wide range of iamb t•eighte, their weights n.t 
weaning converged, (Robinson, in 111i1 •Farining Research Organisation 1961). 
The restricted Vance of vrriation found in red deer is 
iierefore not solely the result of selective mortality, but 
reflects a stronc environmental pressure to conform to a 
successful type whatever the underlying genetic inheritance 
may be capable of. A change in the environment can produce 
an immediate change in phenotype, as is instanced by the 
supplementary feeding  of hill stags. If the favourable 
cnvirontent is ap lied early enough the entire growth 
Gradient can be modified. This happened with the Introduced 
red deer in low Zealand, where within a few Generations a 
hitherto unoxpressed cenctic potential ccve rise to a rore 
fully developed animal long before selection, could have 
been effective. 
Llthough in the wild, most if not all, red deer might 
confoni uorc closely to cfCekan ' s wild-type pig th:n to 
his other :roduots it nevertheless follows that any deer 
best fitted to optimum hill conditions will perforra loss 
well when the environment deterionztes. Those devnnts 
should be dirtinguishablo by a declining vitrlity, ex-
pressed in aberrant behaviour or loss of condition. In 
Caynard Sciith'o (1964) concept, (Chapter 3b) an animal in 
poor condition is declinini in vitality at a rate which 
will carry it into the dying phase sooner than anunlual 
in cood condition. The fact that these aniLals might not 
die does not refute the assumption that they are !ortüity-
prone. As he pointed out, dying is a reversible process, 
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oven thou,-'h teinc is not. In Chapter One attention was 
Given to the basic needs a deer must satisfy in order to 
3urViVe. If it cannot neet these needs it will eventu2ly 
ilie, but between the extczues Of plenty and t:r.nt there is 
an infinite number of stacea throu.h which the animals 
live. when a7a animal is not thriving it loses condition. 
This does not necessarily uern it is in ill-health but 
that physiologically itc cttabolisn is in oLceso of anabolism. 
As a t,-vical biochemical reaction, •catabolism proc;eds 
relatively slowly and the vitality of an animal, or its 
resistance to mortality, is shotna by the rate at which this 
exceeds anabolism. This is an attributp of the indiflducl, 
and so differences in tondition under cinilur environnental 
conditions distinuich those nninnls likely to die soonest 
frau those tore successful rt bal.?.ncinc,- their enerjr budgets 
and iaintining homeostasis. 
As deer lose condition, they lose weiGht. Attempts 
h:ve been nzide to use weights and associated body ucacure-
.ients as indices of condition, uith varied success. 	- 
3oilowin, Riney (1 955) tiho found that in mule deer girth 
&nd weight correlated irrespective of condition, Bandy et al. 
(1956), workin with black tailed deer, evolved a eana of 
calculating body weight fro: heart cirth, and then by pre-
dicting optiun body weight from hind foot len:th, they used 
the r:tio of these calculations as tn index of condition. 
This has the aerit of allowinc for vtri'tion in e.rlicr 
nutrition and its penanent effect on skeletal size, ac 
deonstrated by .c-ceitan (1940). ilowever, with red deer, 
Riney (1955) found that Girth, althouGh rclat&. to body 
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size .p was less clearly related to total tat reserves. 
Since seasonable changeS in girth measurements seemed 
less cerwitiye.thazt indices based on fat.depots, Riney 
considered the latter to be =ore useful. 
Criteria of caM ition Ci) : Pat. 
• Only a small proportion of. thc.. ruminant diet consists of 
fat, and so tat deposition in the animal is a reflection 
on tbb quality. of its food 'intake in respect to the other 
• -. constituents: namely carbohydrates and proteins. In the 
bill situation energy 'balwthe is largely maintained by the 
digestible. enery, provided by carbohydrates, and endo[!enous 
fat can be assumed to repreent.a nett energy surplus. It 
is reasonable to regard the quantity of fat on a red deer 
as an indication that it has been stcceesful in meetinj its 
energy req.iireents. Conversely fat deposits should be 
sensitive to diets deficient in enery. 
Fat deposition occurs along a gradient, and Riney 
(i95.5) found .a response in red deer to •favourable metabolic 
: 	change whict occurred. first in bone marrow, followed by 
kidney, latedtines q. and stomach in that order, and finally 
the i.ubcutançouo depot on the, back. Mobilisation was in the 
reverse order. This: confirmed the findings of harris (1945) 
with mule and white tailed deer. He placed the order of 
mobilisation as follows: 
I. Frgt,he rump and saddle. 
2. From between the hide and body cavity. 
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Within the body cavity; kidney and intestines; lastly 
the spot on the heart. 
Bone marrow, This chances from creamy white to red 
and jolly-like fat is withdrawn. 
However Ransom (1965), further developing the tech-
niques of the previous workers, found in white ttiled 
deer a considerable overlap in the mobilisation of kidney 
and marrow reserves, The renal depot dccrcaod to BA (of 
kidney weight) and halted, although condition continued 
to worsen. Femur fat began to be used while the renal 
index was 3014 Mall amounts of fat remained on kidneys 
during the final stages of starvation. According to 
Runnels ot a].. (1960) incomplete utilisation of de"ot fat 
may take place in starving or debilitated sheep and cattle. 
The fat becomes necrotic and is not mobilised. such 
necrosis may also follow two or three months of digestive 
disturbance, such as that caused by imnaction, when the 
animal was called on to use its reserves. Apparently it 
occurs more frequently in bulls than in cows. 
Russo]. (1967) noted that in hill sheep the tattorn 
of mobilisation suggested that a subjective assessment of 
condition based on subcutaneous fat may not be such a good 
index as is commonly supposed, particularly lower down the 
scale. Nevertheless his figures show an increasing de-
pletion of marrow fat as subcutaneous reserves decline, 
During the first -four months of pregnancy the Kill ewe 
has to draw upon muscle tissue, and lose in wei-ht is 
mainly water and not calorific. Subsequently subcutaneous 
fat decreases by 67), and 240 of the marrow fat is with- 
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drawn during the last month. Although overlapping to some 
extent, the sequential mobilisation of the different depots 
shows that these cannot show the whole range of condition 
possible. Riney (1955) noted this for back and marrow fat, 
and preferred a kidney index (weight of kidney fat/weight 
of kidney). With Odocoileus, Hughes and Mall (1958) found 
that a visual estimate of kidney fat correlated well with 
body fat, but here again, since the sample came from over-
stocked range it may have represented a restricted range of 
condition. 
The colour of the fat may tell us something about the 
past performance of the animal. Plant pigments such as 
carotin and xanthophyll are laid down with the fat but are 
not later mobilised, and so an animal which has fluctuated 
in condition has a concentration of pigment, varying from 
yellow to almost orange, in the connective tissue associated 
with fat depots. On the other hand, cows which have been 
fattened steadily have less pigment than those once fat but 
killed in poor condition, (Hirzel, 1935). Although the use 
of fat colour to assess past performance is complicated by 
the fact that it is subject to genetic variation, (Hirzel, 
op. cit.) it might under some circumstances distinguish 
animals which were phenotypically less fit, and a deer which 
died apparently of malnutrition might show a history of fat 
depletion through which it had managed to survive. Old red 
deer, shot during the cull, frequently show strongly pig-
mented fat. 
This study provided few opportunities to autopsy fresh 
carcasses. In most cases nothing but skin and scattered 
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bones were found. The kidney index was therefore not 
applied,, and estimation of fat status was determined from 
bone marrow. This has the advantage that so lone as the 
bones are relatively intact tat can be detected weeks 
after all exposed soft tissue has rotted or been rcoved. 
Harris (1945) noted the change in colour and cbnsi.stency 
of marrow as fat was mobilised, from creamy white and solid 
to red and jelly-like. From this Cheatum (1949) developed 
a classification 
White; solid; war. 
Red; solid; still fatty, but with the .consistency of 
liver. 
Red or yellow; when crushed is found to be mostly water. 
Less than 25 marrow fat is considered to be a sign of 
serious undernourishment, although some doer will still be. 
on their feet with only I .5, and in eothe winters others 
will die at the 20-251e stage of depletion (Floeley, in 
Taylor, 1956)6 
In hill conditions where the premium on rapid .growtb. 
leaves little surplus energy for deposition as fat, deer 
calves might be expected to show watery marrow.. The re-
mains of one small calf were examined and marrow waa absent , 
although it was noted that an intact femur was tufl of blow-
fly maggots. Those had presumably gained entrance through 
the still unsealed epiphysea]. groove. An approximately S 
week old calf killed by an eagle while anparantly in coed 
health, had pink and watàrymarrow Hoaley (in Taylor, 1956) 
said that the tibia marrow of white tailed fawn,s is normally 
red and solid until the animals are four to six months old. 
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Although traces of fat may persist in the marrow 
cavity for some months after death, the colour is ephemeral 
and lees reliable. The character of the fat also changes, 
sometimes becoming hard and crumbly, and shrunk to a thin 
string. In some cases when only a jaw was found fat was 
looked for in the mandibular cavity. This depot was used 
by Baker and Lueth (1966) as a condition index, but only on 
fresh jaws. The open character of the dental alveoli, and 
frequent damage to the anterior end when other animals 
chewed the bone, hastened the disappearance of the contents 
in natural deaths. 
Criteria of condition (2) : Coat. 
In selecting a good hind for venison the Scottish stalker 
is guided by the appearance of the coat. Deer in good 
condition proceed with seasonal coat changes before those 
in poor condition. In domestic animals low planes of 
nutrition, parasitic load, or the strain of lactation are 
all known to upset the patterns of shedding and growth of 
hair. By differing feeding regimes, Long et al. (1959) 
extended the period of coat change in white tailed deer 
by two months. 
Coat change is known to be under endocrine control, 
and the secondary influence of nutrition on this was in-
vestigated by Yeates (1958). Cattle on a low plane of 
nutrition did not moult, whereas the well-fed underwent 
regular changes. Yeates noticed, however, considerable 
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variation attributable to genotype, and well fed cattle 
• 	partly retained old coats.. This hair had lustre and colour, 
• • 	whereat hair retained by low-plane animals was lifeless and 
bleached. Such variability may have accounted. for the tact 
that althou a stalker can oclect eprime beast by coat 4 in 
• 
this study noticeably poor deer were loss easy toscsreate 
by this criterion. The endocrinal effects of lactation, in 
particular, may check coat chizn€è in an otherwise healthy 
• 	hind. Using female dear (ocoiieus) Hughes and all 
(1,958) could not significant-'y correlate state of moult. 
with condition as estimated by fat deposits. Cameron 
• (1 923) thought that coat colour and condition in red doer 
were not related, although wasting deer look ragod and 
faded. 	 - 
Criteria of condition (3) : Deeanoux. 
An animal which is not thriving may be detected by a •chano 
of behaviour, stance, or gait. Thus deer which are sepr- 
ate from the groupp .less alert and slow in renponsca are 
usually found to be in poor condition, and apparently Jr. 
ill-health. When standing such an animal may have a humped. 
back, with its head and neck held low, and when walking it 
is stiff-legged, pauses often., and seems less alarS by 
the presence • of Man. titan the rest or the group. • If the 
group makes •off it may• be chtvved by the others, and may 
find it hard to keep. up with them and so choose to move off 
on its 'own, especially if tho other deer head uphill. The 
- 54 - 
animal may exhibit symptoms of disease by coughing (suggest-
ing lungworm) or licking and rubbing its back (suggesting 
heavy warble infestation). 
W. Compensatory factors. 
Group survival was considered by Alice et al. (1949) to be 
the combined effort of natality, mortality and dispersion. 
Natality is compounded with potential capacity, genetic 
and ecological factors, and the mortality of the reproducers, 
and thus full significance is given to differential mortal-
ity and its effect on recruitment. Natality itself, how-
ever, can be either potential or realised, and in recognis-
ing that in animals the realised or observed natality falls 
short of the potential, Man has tried with his domestic 
stock to eliminate the discrepancy. In some cases the in- 
fertility is actual; ovulation or conception being suppressed 
by a variety of factors. In other cases, however, the in-
fertility is only apparent, and results from the loss of the 
conceDtus or neonate. Robinson (1951) estimates the loss 
of fertilised sheep ova as 40% and further, says "it is 
doubtful if the magnitude of neonatal loss, particularly 
very early death, is fully appreciated." 
Attempts are made by careful management and scientific 
method to increase the fecundity of stock. Lindocrine 
therany allowed a close approach to "maximum potential 
fertility", troducing in sheep an ovulation rate of 16 
comnared with a rate of two in untreated controls, but as 
the number of ovulations increased, the proportion going 
to full ten decreased (Robinson, 1951). Also by hormonal 
augmentation, Gordon (1958) induced a lambing rate of 1.65 
per ewe, compared with 1.37 per control ewe. Lt two weeks 
of age, however, mortality of lambs had reduced these figures 
to 1.34 and 1.21 respectively. Although Robinson (.cit.) 
had increased ovulation by a factor of eight, the trrvbod 
ewes produced only 1.40 lambs born alive per ewe compared 
with the control 1.33. 
Thus there appears to be., even in experimentally 
controlled conditions, an inherent homeostasis which pulls. 
perfonzance back towards the norm. The sipnificance of 
this in animal breading was fully discussed by Letter (1954). 
In the wild animal it must therefore be expected that under 
varying environmental pressures there will be a tendency for 
compeneatory factors to stabillee performance near the norm. 
It is not natality as such which in vital for coup 
survival., but recruitment to the breeding population. In 
red deer under hill conditions the period prior to first 
brooding is an extended one, during which compensatory or 
stabilicing factors have more time to be effective, in 
waniti, Cowan (1950) noted that although the percente of 
females carrying foetuses varied from 635 to 930 over four 
years, the resulting call ratios ranged from 50-61, and 
at the yearling stage the survivors ranged from only 15-215. 
Therefore although the potential crop varied by 30 9 the 
net result was more or less the aaie. It is reasonable to 
sirpose that a favourable winter would allow less "fit" red 
deer calves to survive, whereas an average or severe winter 
following might eliminate them as yearlings. This may have 
- 56 - 
happened in this study, although the evidence is slight; 
in spring carcase counts, 1968, there were 21 calves and 
in 1969 one yearling, total 22; in 1969 there were 13 calves 
and in 1970 10 yearlings, total 23. 
However, the ratios of calves to hinds are remarkably 
consistent (Rod Deer Commission Reports) and this in itself 
may be due to the previous action of compensatory factors. 
Dasmann (1964) asserted that "the total action of mortality 
at a given density level will be relatively constant, regard-
less of the presence or absence of single factors causing 
death." Similarly, Caughley (1966) noted that the patterns 
of mortality exhibited by many species of mammal tend to be 
similar, even when the mortality factors principally con-
cerned with the shaping of these specific patterns r nged 
from starvation, disease or predation (in wild animals) to 
inadequate parental care and cannibalism (in laboratory 
animals). This suggested to him that "the suscentibility 
to mortality of an age class, relative to that of other 
age classes, is not strongly specific to any particular 
agent of mortality." 
In this light the determination of the cause of death 
of a red deer assumes less importance. 
PART TWO. 
MORTALITY AND POPULATION DYNAMICS. 
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CHAPTER POUR : INDIRECT EVIDENCE OF MORTALITY 
(a). Sex ratios. 
The ideal way to measure mortality is to find all the 
dead, but since a sample must usually suffice, it is 
necessary to be wary of bias. For instance, all animals 
may not be at equal risk of discovery or capture. Further-
more, if the ratio of the sexes in a sample is unequal, 
this might reflect the true ratio in the living population, 
or result from different mortality rates. 
As an example, it was found that although 60; O' of Soa,y 
sheep deaths consisted of females, counts of the living 
population before and after the mortality occurred in-
dicated that only 55 of the ewes died, compared with 75 
of the rams (Boyd et al., 1964). Among black tailed deer 
deaths, Klein (1965) recorded the sexes in equal numbers, 
although lie gave the sex ratio of the population as 230-S: 
100??, and similarly in another herd the ratio in the 
death sample was 240Jd:100?? compared with a living sample 
ratio of 160<S:1OO??. 
Mortality in most animal populations is more often 
inferred than observed. Losses are indirectly estimated 
from either counts of absolute numbers or from ratios of 
one class to another, perhaps over an interval of time. 
If allowance is made for increment during the period of 
assessment, successive counts will indicate losses, and 
a ratio itself, if it departs from the expected, can be 
suspected of being the result of differential loss. 
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An unequal sex ratio in a population is usually assum-
ed to be the result of differential mortality. Frequently 
divergence in favour of the females in deer is attributed 
to a heavier hunting pressure on the males. Other factors 
are implicated, however, and Flook (1970) invfltigating 
wapiti showed that sex ratio varied with range condition. 
He instanced ratios of l4Jd:10O9 on overstocked range, and 
in an expanding population in New Zealand a ratio of 7144: 
100?. In another population, this time enclosed and 
cropped at a level of 21 per annum, the sex ratio was 
85:100?. In the closed population of red deer on Ithum, 
when it was lightly cropped and the cull was mainly of 
stags, the ratio was 96:100fl (Lowe, 1969). 
Since an unequal shooting pressure has been applied 
to most if not all of the deer stocks of Scotland in the 
past, and the resultant sex ratios have implications for 
future management, further reference will be made to sex 
ratios in Part Pour. Here it will be relevant to consider 
sex ratio in other animal populations and to speculate on 
"natural" sex ratios. 
In feral populations of Soay sheep on Ilirta and black-
face sheep on Boreray, Gunn and Doney (1964) found the sex 
ratio to be approximately four breeding ewes to every 
breeding ran, although from birth to one year old the ratio 
was nearer unity. This they ascribed to a "natural manage-
ment system" which allows a greater number of productive 
females to survive, and yet retains sufficient males to 
maintain the general adaptation of the population to its 
environment. 
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Much has been made of the sex ratios found in closed 
situations such as islands, but these may not be valid 
examples; 'undisturbed" mny not be synonomous with "natural" 
in species which have evolved freely mobile and outbreeding 
genotypes. If natural selection operates on individuals 
it is difficult to see how a divergent sex ratio could 
evolve. AS a "management system" a preponderance of females 
in a finite population of a polygamous animal does ensure a 
greater capacity for increase, but whether a continual 
selection against males could become fixed as a "natural" 
system is open to question. However, in modern Darwinian 
terms, the favoured male is that which leaves the most off-
spring, and in a polygamous animal this could be achieved 
not only by survival from year to year, but in serving a 
sufficient number of females to ensure a significant con-
tribution should he die sooner. 
In an island reindeer herd described by Klein (1968) 
exhaustion of resources caused the death of 6,000 animals, 
and of 42 survivors only one was male. During a shoot-out 
of roe deer, Anderson (1953) found that as shooting pro-
gressed the sex ratio continually altered in favour of 
females, thus demonstrating that the reduction of the herd 
tended to raise its likely rate of increase. Klein and 
Olson (1960) maintained that females are selectively 
favoured, but that the bucks with the least chance of 
survival are those which have been physiologically debil-
itated in the rut. In Highland Scotland the deerstalker 
and sheepfarmer would agree with this. 
rurie (1951) explained an adult wapiti ratio of one 
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male to four females as partly the result of the post-
rut debilitation of the mature bulls. Klein (1965) said 
that captive rutting black tailed deer may lose 40% of 
their weight, or even starve to death, and weights of wild 
deer decreased 20% during the six week rut. Fowler et al., 
(1967) associated weight loss of 10% in second winter bucks 
with physiological factors involved in rutting; does lost 
3 of their weight. With caribou, McEwan (1968) noted that 
the "stanza-like pattern" of seasonal weights was less 
marked in non-pregnant females than in both pregnant females 
and males, although food intake was parallel, even at the 
rut when a drop occurred. However, it is the male who, by 
increasing his activity during the rut and eating less, most 
seriously reduces his chances of surviving the ensuing 
winter. 
Although the pressure of numbers on available resources 
appears in many cases to be disadvantageous to the male, 
this alone may not explain a divergent sex ratio Klein 
(1965) used two island populations of black tailed deer 
whose different performance was associated with markedly 
contrasting range conditions, to show how, under adverse 
conditions, selection favoured females. Certainly he showed 
that there was a significantly smaller proportion of males 
on the poor range, but in both populations males exceeded 
females; on the poor range the ratio of males to females 
was 16Qre:1002? and on the better range 2306:100fl. 
Since this does not support an earlier contention (Klein 
and Olson, 1960) that under optimum conditions a sex ratio 
will be nearly equal while under poor conditions it will 
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favour females, it suggests that there may be a genetic 
factor involved. 
The influence of a genetic factor is indicated in 
the relatively closed populations of sheep investigated 
by Gunn and Robinson (1963). Over four seasons the sex 
ratio at birth in one of the four flocks remained consist-
ently in favour of females. However, White and Roberts 
(1927) found in hill sheep flocks no tendency for the 
sex ratio to follow the same trend in successive years. 
These conflicting conclusions might be explained by 
differences in the amount of outbreeding permitted; an 
isolated flock might have a genotype significantly removed 
from the mean. Weir et al. (1958), by selectively breeding 
laboratory mice, found that the sex ratio among births 
followed the male parent strain. They concluded that 
sex ratio is just as much a property of a genetic isolate 
as are either litter size or weaning weight. Selective 
mortality may therefore not be the only cause of observed 
differences in the secondary sex ratio of mammals. If sex 
ratio is genetically determined, the observed ratio in 
foetusee or neonates might be affected by environment, i.e. 
phenotypic. Weir et al. (1958) modified their experimentally 
varied sex ratio of mice at birth by special diet. Kittàms 
(1953), working with wapiti, recorded a sex ratio of 
10033:10O in a sample of foetuses, but when scrutinised 
according to place of origin and year obtained, the ratio 
varies from 88$d:10O?$ to 12133:100fl. There is a strong 
implication that these differences were range-related. 
Comparing white tailed deer on different planes of 
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nutrition, Verme (1965, 1967) found that underfed does 
produced fewer progeny, but 75% were male. On moderate 
feeding the ratio was nearer unity, and generous feeding 
reduced the male fraction to 37%. 
Robinette et al., (1957) comprehensively reviewed 
evidence of variation of sex ratio in neonates which can 
be correlated with the age of the mother, and whether she 
has bred before. McDowell (160) found the foetal sex 
ratio in yearling Odocoileus to be 1530a:10O?; in two 
year olds, 11533:1 00?? and in mature beasts roughly parity. 
Verne (1967) also maintained that young and old deer bear 
an excess of male fawns, while the more productive prime 
classes bear sexes in equal numbers, or run to a surplus 
of females. 
With red deer, Lowe (1969) classed hinds in the 5-8 
year old range as prime and in these he likewise found a 
surplus of female foetuses. In the hinds under five the 
foetal sex ratio swung nearer to parity, but still pro-
duced more females than males. 
The ratio in Lowe's (1969) Sample of 118 hinds in the 
prime classes is 61.6dS:100?2. Foetuses from 73 prime 
Reay hinds, during this study were in the ratio of 12856: 
10O?. Most of these hinds were probably yeld and selected 
for their venison quality. Although the nutritional statue 
of hinds must be affected by lactation, Lowe (1969) found 
no significant difference between the foetal sex ratios of 
milk and yell hinds. Similarly, in wapiti, Flock (1970) 
detected no difference, although he notes that even the 
lactating cows were in good condition. 
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In an early investigation, Davies (1931) was surprised 
to find only one male in a sample of 19 red deer foetuses. 
This was a small sample, but imbalance is a common feature 
in deer. (Table 4.1) 
TABLE 4.1 :FOETAL SEX RATIOS IN DEER. 
Species. n. w :100? Source of dnta. 
Odocoileus sp. 120:100 Taber (1953). 
White Tail 2096 117:100 Severinghaus and Oheatum 
(in Taylor, 1956). 
Mule Deer. 2299 111:100 Robinette et al.(1957). 
Wapiti. 130 110:100 Marie (1951). 
Wapiti, 283 103:100 Murie (1951). 
Wapiti 1167 101:100 Kittams (1953). 
Wapiti, 248 111:100 Cowan (1950). 
Wapiti. 1159 113:100 Flook (1970). 
Roe Deer. 475 111:100 Borg (1970). 
Red Deer. 271 149:100 Miller (1932). 
Red Deer. 193 141:100 McNally (1965). 
Red Deer. 245 79:100 Lowe (1969) 
Red Deer. 130 103:100 THIS 	STUDY. 
According to Weir et al. (1958) there are no compell-
ing reasons why we should attempt to fit the sex ratio at 
birth to an assumed one to one ratio at conception. How-
ever, changes in ratio with time, and stage of development, 
would indicate differential losses. Chapman et al. (1938, 
cited by Robinette at al., 1957) sexed cattle foetuses and 
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found that the sex ratio altered from 150j:100?? in the 
earlier ones to 10033:100? in the later ones. 
- Differences in the sex ratio of foetuses and neonates 
might similarly sugtest differential mortality. The ratio 
of 512 newborn red deer calves on Rhum was 114ds:10O 
(Lowe, 1969) compared with a metal OCX ratio of 79ss:10O?. 
Mainland results show a smaller range of values; in 530 
calves the sex ratio was llOddlOOfl (Red Deer Commission, 
1970), and the pooled data of McNally (1965) and that from 
this study gives an overall foetal sex ratio of 12436:10Ofl 
(n=323). However, a comparison with the mainland neonatal 
sex ratio does not indicate a significant difference 
0.77, P = 0.50/1.07). The Ehum data (foetuses, n = 245; 
calves, n = 518) only approaches significance (X2 = 3.66, 
P = 0,1/0.05). Nevertheless, in samples of these sizes 
there is some indication of a difference between the 
populations. 
(b). Age ratios. 
Broadly speaking, the effect of the death of an individual 
on the future performance of the population depends on 
which "ecological age" the animal achieved. Bodenheimer 
(1938, cited by Idlee et al., 1949) proposed three such 
"ecological aces";  the periods of development, reproduction, 
and post-reproduction. While it must be admitted that 
these categories may be too crude to be useful in the 
dynamics of a model deer population (Caughley, 1966), 
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nevertheless they are commonly used as a practicable 
measurement of population performance. Age ratios in 
common use are lambing rate and, in red deer, calf 
survival, the latter expressed as calves per 100 hinds 
(aged one year and over), counted after winter. 
Just as an unequal sex ratio cqn only indicate differ-
ential losses if one presupposes that the original ratio 
was nearer unity, so an observed age ratio can only be 
used to measure mortality if the ideal or expected ratio 
can be estimated. 
Life begins at fertilisation, and so the period of 
development of a red deer starts about nine months before 
birth, and continues, in the hill environment, through 
the calf and yearling stages (and probably longer in 
males). With a hind's third birthday being the likely age 
of first calving, the maximum calving rate per 100 hinds 
(one year old and over) is 60% (Leopold, 1933). In April 
1966 the Red Deer Commission determined the calf survival 
rate of Reay Forest to be 32/100 hinds (age 1 and over). 
This is also the average over many Scottish forests. A 
proportion of the unrealised 28% of bree'Ung potential 
might be attributable to mortality, but the actual per-
centage depends on the number of hinds that conceived. 
The presence of a "tail" of late calves is a sign-
ificant factor, since it is generally believed that small 
calves are less likely to survive their first winter. 
Darling (1937) thought that calf mortality could be partly 
the consequence of too much disturbance by shooting during 
the rut, when late calves might result. In American deer 
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dispersed fawning dates are blamed on buck shortages and 
extended ruts (Leopold, 1933). In white tailed deer, Verme 
(1965b) found that the rut can be delayed by irregularities 
of oestrus, and these could be induced by abnormally high 
or low planes of nutrition. 
As well as using comparisons of observed ratios with 
ideal ones, we may detect differential losses in ratios 
observed over a period of time. Thus Schwartz and Mitchell 
(1945) detected mortality in wapiti by the declining 
monthly percentages of calves, and flein and Olson (1960), 
during a spell of bad weather, noted a change in the fawn: 
adult ratios from 45:100 to 15:100 in 10-17 days. 
Ratio-change was used by Dasmann (1964) to estimate 
a total population when a known number was culled, so 
conversely, where a population total is known, a change 
in the ratio of age or sex classes could be used to es-
timate the number shot. However, this method would be 
invalid if coincident differential mortality was occurring, 
and is unlikely to be a sensitive means of measuring mort-
ality rates. It does give a broad indication that differ-
ential loss is taking place. 
During this study sequential age and sex ratios were 
not thought to be sensitive enough to measure intervening 
mortality or losses. Lowe (1969) when reconstructing a 
population from mortality recoveries believed that the 
error in classifying calves as hinds during spring censuses 
to be about 130o, over four years. After an unusually fine 
summer and winter (1958-9) he later estimated that 30.210  
of the calves were classed as hinds. If counts are made 
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earlier, in Autumn, the calves are more readily disting-
uished, but perhaps due to the presence of the "tail" of 
late ealvers, the distribution of milk hinds tends to be 
patchy, and likely sampling error would demand a closely 
critical appraisal of any mortality estimates derived 
from ratio change over such a short and, ecologically 
speaking, less critical period. 
Dasmann and Taber (1956) found that widely differing 
fawning rates in black tailed deer could be accounted for 
by the differences in yearling survival: 
Year 1. 100 does + 50 yearlings + 100 fawns 
= 67 fawns/100??. 
Year 2. 100 does + 20 yearlings + 90 fawns 
= 75 fawns/100U. 
This demonstrates the dynamic nature underlying a simple 
!XPTeSSiOn of ratio, something which has to be also borne 
in mind when population performance is assessed by the life 
table method. 
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CHAPTER FIVE 	THE LIFE TABLE 
The reciprocal nature of life and death is used in the 
compilation of life tables, thus expressing data on mort-
ality and survivorship in a standard form. Deevey (1947) 
gave a lengthy exposition of the life table method, and 
Quick (in Mosby, 1963) and Eberhardt (in Giles, 1969) sum 
up subsequent refinements relevant to wildlife management. 
Caughley (1966) reviews recent studies and points out 
some errors in their derivation and interpretation which 
should impose greater restriction on the use of the method 
than is generally recognised. 
Faulty derivation can result from the lumping of losses 
from natural cnuses (giving a kdx series) with information 
obtained by shooting (i.e. sampling; a fl  series). In 
practical terms, however, the quality of the data may be 
such that only a crude compilation is possible. In a 
caribou study, Banfield (1955) lumped all losses, including 
sources subject to sampling bias, In the red deer study on 
Rhutu, Lowe (1969) treated shot animals as "dead", along with 
natural mortality, and here one needs to recognise that 
shooting is a consistently applied mortality factor, com-
plimentary to other factors, and the population at risk 
has been sheped by similar culls in the past. Caugliley's 
criticism is only v.lid where shot animals are used to 
provide death data. 
Furthermore, the Rhum data was not collected by sam-
pling, but was derived from the year by year aggregation 
of data, and the resultant life tables are compiled from 
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populations reconstructed by other means, i.e. the numbers 
in each age class known to be present at that time from 
their recovery on death in later years. This situation 
allows life tables to be constructed which conform closely 
to ideal types. 
Dynmnic Life Tables. A true measurement of the action 
of mortality is obtained from the survivorship of a cohort, 
or birth group. Mortality may be determined by either 
ageing the animals at death, and so forming a kdx series 
(where d is the number dying at age x, and k is a constant 
by which all dx values in the series are multiplied); 
recording the number of the original cohort alive at 
various ages, forming a kix series (where 1 is the number 
alive at each stage, and k and x are as above). Thus the 
dynamic life table presented by Lowe (1969) is a kd series, 
although the number in the original cohort is not known. 
The number alive in each age class is determined by sub-
sequent deaths. Shooting and natural mortality are com-
pounded. 
Time Specific Life Tables. These express mortality more 
approximately, since they ignore factors which might have 
differently affected the survival of the different cohorts 
present in a population, and treat the data as if it re-
presented one cohort. Thus animals in age class x are 
assumed to represent the survivors of an age class equal 
in number to the present age class x - 1. The means of 
derivation of a time specific table varies; sampling the 
population will give a klx series, while age determination 
at time of death will give a kd x series, either specific 
to the time of sampling or else generalised if the data 
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is lumped from several years' collection. The latter has 
the effect of smoothing irregularities due to exceptional 
circumstances. 
The time specific table presented by Lowe (1969) is 
derived from a standing population calculated to have 
been present at the specified time. It therefore con-
stitutes a klx series. 
In the construction of a life table an age structure 
is built up, and since the productivity of a population is 
determined by the structure of the standing crop, the time 
specific table is regarded as more significant to the wild-
life mana;er than the dynamic one. However, before the 
structure derived in a life table is considered analogous 
to that of the living population the assumptions inherent 
in the method must be recognised. 
The "population? in a life table is stationary follow-
ing the assumption that life and death are reciprocal, 
i.e., recruitment is balanced by the mortality. Even 
sampling a living population only allows a static analysis 
of what may be a dynamic situation. 
As Eberhardt (in Giles, 1969) pointed out, reprod-
uction and mortality seldom balance, and when mortality 
is used to construct a population one arrives at a re-
cruitment which is unlikely to match that observed in the 
field. The assumption of a stationary population may be 
difficult to justify, although .Eberhardt (in Giles, 1969) 
stated that the population of one year is almost always 
closely correlated with that of the year before. Similarly, 
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for practical purposes, Buechnor (1960) defined a stable 
population as one in which the level fluctuates not more 
than 20S from one year to the next. He considered that 
mortality and recruitment rates must be considered in 
terms of averages. 
Hero the confusion in the Literature between the 
terms "stable" and"stationary " arises. For practical 
purposes they are synonomous, implying that the Population 
is neither increasing nor decreasing. Distinction must 
be made between a stable population and one with a stable 
age distribution, in which the relationship between the 
numbers in the various age classes remains the same al-
though the overall reproductive rate ensures a constant 
rate of increase. The age distribution of a stationary 
population is a special case, in which the rate of in-
crease is zero, 
Caughley (1966) reviewed tests for a stable age 
distribution within a stationary population, and concluded 
that, given no information other than a single age dis-
tribution, it is theoretically impossible to-prove that 
the distribution is from a stationary population unless 
one begins from the assumption that the population's 
survival curve is of a particular form. "If such an 
assumption is made, the life table constructed from the 
age frequencies provides no more information than was 
contained in the original promise". 
The assumption of a stationary population provides, 
in practical terms, something of a paradox; deer herds 
in favourable environments and with consequent high 
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fertility, must also suffer a high mortality rate. In 
practice, however, populations are seldom so self-contained, 
and losses will include emigration. Caughicy (1966) 
criticised population studies in which mortality is con-
founded with emigration. Although, strictly speaking, 
life tables derived thus are invalid, mortality and dis-
persal may be complementary factors, and if the calculated 
mortality rate is regarded as a "loss" rate, the overall 
effect on the population will be similar. A deer which 
emigrates and does not return is effectively dead to the 
population, and might therefore be classed "missing, pro-
named dead". (Note however, that when considered genet-
ically, stag emigration is constructive, and even if a 
permanently yeld hind remains on the heft, she will make 
her presence felt both socially and competitively.) 
A life table essentially simplifies and makes static 
something which is complex and dynamic. It takes no account 
of the effect of variable survivorship upon recruitment. 
However, if its limitations are borne in mind, it provides 
a useful distillation of data, and allows interesting 
comparisons. 
The first documented population study of Scottish 
red deer was made by ivns (1891). Between 1878 and 1889 
he attempted by means of census and mortality recording 
to understand the dynamics of the population on Jura. 
His data was used in the compilation of life tables by 
Taber and Dasmann (1956), and although much of the oricinal 
statistics were somewhat deviously derived, his "balance 
sheet" approach to recruitment and losses was adopted for 
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later studies on the similar island population of Rhurn 
(Lowe, 1969). 
PART THREE. 
DEER MORTALITY ON REAY FOREST. 
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CrIAPTR SIX TIMnitl-' rflTfl'V fl"' jiuj.it ttrt..a. 
(a). Reay Forest. 
The deer under investigation occupy approximately 105,000 
acres (42,500 ha.) in West 3utherland. flthough the herd 
cannot be considered discrete, the topography of the area 
warrants the assumption that the population is largely 
contained. Tie area is bounded in the west, and partly 
in the south, by sea and a sea-loch syste. To the north 
the study area 13 separated from the seaboard by low 
Ground with crofts and cheep runs. Only on the east and 
southeast is the deer forest contiguous with others. These 
eastern boundaries lie along the east-west wutershed, which 
tends to minimise deer movement. 
Altitude ranges from sea level in the west, where an 
extensive area of Lewisian gneiss presents a characteristic 
topography of low hillocks, with bogs and lochans, to 
7,000 feet (934m.) further inland. The mountain tops are 
generally quartzite, but in the north east schist is 
dominant. A large proportion of the area consists of 
bare rock or standing water. A further major feature is 
the Lochrnore-Laxford system of lochs and rivers which 
effectively cuts the forest in two. 
The mountains attract a high rainfall and strong 
westerly winds regularly occur, and affect the dispersion 
of the deer. Rainfall records were kept at Achfary (Al-
titude, 137 ft. = 45m.) in the centre of the study area, 
between the years 1916 and 1950. The average annual 
- 75 - 
rainfall was 84.89 in. (215.6 cm.) compared with 36.83 In. 
(93,5 cm.) at Reay (Caithness, not to be confused with 
Reay Forest) and 29.97 in. (76.1 cm.) at Wick (Caithness). 
The Aclifary total was higher than that recorded in the 
four other Ross-shire stations, and of nine Inverness-shire 
stations, including Skye and Port William only Glen Queich 
was higher. (Information supplied by the Meteorological 
Office, Edinburgh). 
The high rainfall maintains a vegetation typical of 
western hill ground, with bog conditions on all but the 
steepest slopes. Heather is usually present, but is seldom 
vigorous, and is commonly in a mixed community with 14olinia 
or Trichonhorwn. "Greens", such as occur on outcrops of 
Durness Limestone, are rare, and where present are usually 
moss-rich and heavily grazed. Birch woods are mainly 
restricted to the central loch system or towards the sea-., 
board, and are mostly moribund. Commercial afforestation 
is also restricted to these areas, and to Gobernuisgeach, 
and is distributed as discontinuous blocks. These plant-
ations are reputed to be sited on the best deer wintering 
ground. Deer are frequently to be seen in the blocks, 
and some appear to be hefted there. 
To the sheep farmer, Sutherland is traditionally 
Cheviot sheep ground, a fact which might be significant 
in a study of deer mortality if comparisons are to be 
made with populations elsewhere. The Cheviot sheep is 
fairly hardy, but a few winters of exceptional severity 
caused high mortality in the breed, and it was ousted by 
the even hardier blackface from many areas.(Wildman, 1944). 
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In Sutherland, however, it held its own. 
There are now no sheep in the northern part of the 
study area, apart from stragglers from the crofts. In 
the west the crofters have grazing rights, and their sheep 
tend to disperse on the cneiss ground, but sheep finning 
has recently been discontinued. A hirsel of blackface 
of Rhum provenance are kept at Glen Dhu, and hill cattle 
are summered at Lone and Kylestrome. 
Much of the ground shows evidence of burning, but this 
practice is now restricted to the crofters' grazings. 
Only one public road passes through the study area. 
It runs along the Loch Nore-Laxford river system to join 
the coast road which runs south to ylestrome. Deer mort-
ality due to road accidents is probably not significant. 
The land is principally used for deer stalking. The 
study area consists of three estates; Lochmore, Icylestroine 
and Scourie. The first two are co-administered and the 
deer are manab-ed In the traditional way. Jcourie, being 
low gneiss ground, hefts few deer although under certain 
conditions it may winter large numbers of deer from the 
other estates. 
Since the principal deer ground has been in the owner-
ship of one family since 1866, a more consistent policy of 
management may have been sustained than on many other 
estates. Some changes have taken place, involving alter-
ation of the extent of the Forest, and also by varying 
regimes of sheep and cattle stocking, this especially 
during the 1939-45 war. 
-77- 
(b). Reay deer. 
Whether or not the environment has altered much in the 
past 100 years, the deer appear to have been changing. 
Sparse population estimates (Whitehead, 1960) suggest 
that the stocking rate increased until the count of 1894 
(total 3,940) and thereafter declined. The count by the 
Red Deer Commission in 1966 produced a total of 2,497 
(Scourie here excluded, for comparison). Heavier culling 
of stags may have been responsible for the decline in 
their number: in 1864 they comprised 36.2% of the pop-
ulation, in 1894 33.0% and in 1966 19%. 
A continuous policy of selectively shooting poor 
stags with poor antlers seems to have had little effect 
on the phenotype. Switches (red deer with unbranched 
horns) still comprise about 20% of the annual cull. 
From 1871 to the present day, attempts have been 
made to improve antler development by "grading up" with 
foreign stags. But in 19239 Cameron wrote: "Park blood 
of the best quality, combined with careful, and capable 
management over a lengthened period of time, has not 
succeeded in giving good heads to the Reay deer, though 
it may have helped to make them the heaviest deer in 
Scotland". 
However, there are indications that average weights 
have also declined. In 1881 the average weight of 220 
stags was 224 lbs. (102 kg.). By 1940 it was a record low 
of 200 lbs. (91 kg.) and the maximum weight was lower than 
any time since 19 06. Between 1953-63 the average weight 
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never exceeded 192 lbs. (8$ kc.). (Oclection of animals 
to be shot, -and the raethods of weick4ng carcases may have 
varied over the years). 
The native phenotype appears to be a well adapted and 
thrifty anirni, poor in antler production in the faäe of 
mineral scarcity, and perhapo also economical in bone 
growth, since for all their reduction in weicht they are 
not noticeably lean.. 
L hill switch, fed alone with imported stags produced 
a royal (12 pointY bead in three years. (A. FacLeod, pers. 
corn.). This suEceots a potenttil which retains uneapresoed 
under hill conditions. 
The present rate of cull. :(17  of stags and 6.4 of 
hinds, as counted. in April, 1966) may only partij account 
for the oboervcd sex ratio of 43d:100fl (April, 1966). 
Varying numbers. of stags receive supplementary feeding 
in winter,, )riQarily to hold them on the Forest and prevent 
the- o-i being shot as marauders on agricultural land., 
1. 
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CHAPTER SEVEN: MORTALITY SURVEYS. 
(a). ?iethods. 
Mortality was investigated by a search for dead animals, 
autopsy when possible, and age determination. Indirect 
methods involved assessment of condition of living animals, 
and sampling of the living population(i.e. the cull). 
During regular visits to the study area a lookout was 
kept for carcases, and extra effort was made in snring when 
most deaths occurred. Since at this time deer distribution 
is clumped, known wiatex4ng grounds were repeatedly searched, 
special attention being paid to places into which weak or 
ailing animals tended to drift. With experience likely 
deer "death beds" could be identified and were visited from 
time to time. Some of these spots yielded several carcases; 
• thick holly tree (with a pronounced browse-line) yielded 
• carcase two years running, and a small grassy shelf above 
• ravine provided three carcases over two years. 
The base of crags and other rocky places were searched 
for remains of accidental deaths. Roadsides were watched 
for road casualties; these and others were often betrayed 
by crows, ravens or eagles. 
Generally speaking carcases were spotted only at close 
range, being seldom on exposed slopes or flats unless in the 
lee of rocks or heather. A sense of smell helped. 
Shortly after death, scavengers dismembered the remains 
and for a few weeks these might be obvious from a distance. 
After that they tended to be scattered; jaw bones were some- 
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times found on the tops of nearby hillocks. A newly dead 
c1f under periodic observation was visited by foxes, hooded 
crows and black backed gulls, and was reduced to only hide 
and articulated bones in two days. 
Fresh carcases were examined for gross symptoms of 
injury, and sexed, and their physical condition determined. 
Ualves were sexed by the genitalia. Yearling males some-
tines had obvious pedicles, but usually these could only 
be detected with the fingers as alight ridges on the frontal 
bones. If sufficiently fresh, the condition of the animal 
was assessed by examination of the internal fat depots, 
particularly the kidneys. In all carcases, cannon bone 
ma:row was classified by colour and consistency: 
Class 1. Creamy or white; solid. 
Class 2. link, wet, but firm to touch. 
Class 3. hed, wtery, and gelatinous. 
After death the pink-rod colouration did not persist, and 
marrow in Claus 3 shrank to the ends of the marrow cavity 
and sometimes dried up. .i check was made on the marrow of 
prime animals shot in the cull; they were clearly Class 1. 
Their bones left exposed for more than two years retained 
the marrow, although it became crumbly in coruistency. 
In the field the carcass was allocated a year and 
approximate season of death. For older remains the criteria 
used were the presence or absence of soft tissue, colour of 
bones, presence of algal bloom, and relation of the remains 
to the subsequrnt Growth of vegetation. Isolated bones 
were disregarded if the site of death could not be found, 
unless the bone was a jaw which indicated a fresh record. 
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Lower jaws were removed from all carcases. Where single 
rami were found they were compared with those already 
collected to avoid duplication of records. In a few cases, 
carcases have been included in the records oven if jaws 
were not found, when it was considered they were unlikely 
to be confused with other records. 
Sex could be determined in skeletons by the shape of 
the pubic symphysis and the presence or absence of suspen-
sory tuberosities (Taber, 1956). In yearlings, however, 
these were not reliable criteria, and frontal bones had to 
be found. 
Jaws were collected from the annual culls of stags 
and hinds, and ages determined according to the method of 
Mitchell (1963). In order to determine the relationship 
between age and the number of cement layers on the teeth 
of deer in the study area, the first molars of two shot 
yearlings were sectioned. Neither showed the opaque layer 
associated with summer growth. In addition, 24 yearling 
natural deaths wore similarly examined, and were also devoid 
of the layer. stitchell (1967) recorded only five ner cent 
of yearlings deficient in the first layer, and five per 
cent of two year olds. In this study, three two yo-r olds 
which died naturally, and 10 out of 18 culled, were deficient 
one layer. The fact that Mitchell (1967) noted that the 
heavier yearlings had more increment in the layer donocited 
suggests that in the poor environment of Sutherland yer-
lings are less likely to lay down a layer. 1Larlier, 
Mitchell (1963) believed that age could be determined by 
adding one to the number of layers counted, and for the 
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Reay deer this method has been used. 
(b). Results of mortality surveys. 
From 1967 to 1970 a total of 240 deaths were recorded which 
were attributed to causes other than shooting. The year 
by year age structure is given in Appendix I. (Table A). 
Nortality is allocated according to approximate cause in 
Table B, Appendix I. It was emphasised in Chapter Two 
that the complexity of factors which make an 'animal prone 
to die renders the distinction of a particular cause some-
what arbitrary. In Table B the category "natural lose"  
- includes all those animals which showed some degree of 
inanation due to the starvation/malnutrition/disease complez,' 
or whose death appeared, Otherwise "natural". However,, the 
interaction of factors probably affects all the categories; 
nirnals frequenting the roadsides were often: noticeably in 
poor condition, and were probably slow in their rcacttou.' 
to approaching vehicles. CrippJingfrom this and from 
shooting will probably also contribute to the "natural 
loss" category.  
-tags were more prone toaccidents; two were thought 
to have died from a fall during combat, and two to have 
died from goring (one of the latter had, only one antler). 
A stag which never completely recovered from injuries be- 
lieved to haj'' been caused by a vehicle two years previously 
was classed as a road casualty (W. Scobie, pore. comm.). 
Although another badly injured stag was shot near the road 
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its injuries were thought to have resulted from a fall 
and were judged likely to have been fatal. 
Of "natural losses", 38 per cent were assessed for 
condition. Only five were thought to have fat in reserve, 
the retaininc 73 showed fat depletion. Of those dying of 
other causes (n = 34) only eight were assessed; four had 
marrow in class 1, and four showed depletion. 
The relationship between internal fat and bone marrow 
was determined in four hinds., two ztaZo l and tour calves. 
Of the adults, two wore in marrow class 2 (a yearling male 
and a hind, aged 10, which died early in the winter). The 
other four were marrow class 3, (hinds aged 1 1 7, 10, and 
a sta' aged 10). In the four calves renal fat was absent, 
which is to be expected in young animals when priority is 
given to growth. Two of the calves were in marrow class 2 
and two in marrow class 3. 
These assessments were made in the winter of 1969-70. 
During the same shooting season six hinds and six et-igs 
which were culled by estate staff were also assessed. AU 
had marrow in class 1, and the kidneys were almost, or com-
pletely, covered with fat; 
(c). Differences within the Reny nonulrttion. 
By assessing the condition of living deer I hoped to be 
able to distinguish the fraction of the population li:oly 
to die in the following winter. For reasons civen in 
Appendix 1.1 the classification was not considered sensitive 
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enough for n quantitative prediction. 
Because condition is a sensitive phenotypic response 
to the environment, it can be shown to vary between red 
deer populations (Riney, 1955). Angularity, as an index 
of condition (Ri%ney, 1960) is the expression of the r:tio 
of muscle and fat to skeletal size. Using jaw length as 
an index of the latter, and ccrcase weight as the variable 
response to the environment, a sample of the 1967 cull was 
examined for differences in response between stags north 
and south of the Loch iore - Laxford river system. (Stags 
were chosen for analysis because I thought their weights 
might be more carefully recorded). 
In the sample the mode of distribution of jaw lengths 
(in 10 mm. classes) was 240-9 mm., and of weights (in lOib. 
classes) was 200-9 lb. (91-95 kg.). Therefore most stags 
shot were in the 240-9 mm. jaw length class, and could be 
expected to carry 200-9 lb. (91-95 kg.) carcase weight. 
The iTorth and South stags can be compared thus: 
Jaws 240mm. 	 Jaws 240mm. 	Totals 
%t.> 2001b. (91 kg. 	t. <2001b. (91 kg. 
North. 	 34 	 19 	 53 
South. 	 11 	 18 	 29 
45 	 37 	 82 
(X 5.199 p = 0.05/0.02) 
There is a significant difference between the numbers 
of stags which reach a carcase weight of 2001b. (91 kg.) 
for L given jaw length (assuming selection for shooting 
to be the same). This indicates a difference in condition. 
Also, the correlation between weight and jaw length is 
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better in the North (r = 0.45) than in the South (r = 0.14), 
indicating that in the South the sample shows a greater 
range of condition. 
Philips and Brown (1950) noted a west-east dine in 
the weights of hill sheep in Wales, and it would be un-
realistic to expect a deer population dispersed over an 
area the size of Reay Forest to be either genetically 
randomly distributed or to be occupying a uniform envir-
onment. Hence, the product of the interaction of these, 
i.e. the phenotype, will vary over the area. 
No comparison can be made between the North and the 
South in the rates of success in finding carcases. The 
relative success in finding calves, yearlings and adults 
is assumed to be the same in both areas, and so the ratios 
of these in the found mortality can be compared. 
The ratios of calves and yearlings (both sexes) per 
100 hinds were: 
North 203 calves : 	88 yearlings : 	100 hinds. 
South 140 calves : 	36 yearlings : 	100 hinds. 
The ratio of yearlings to adult hinds in the living pop-
ulation is not known, but it could be assumed to be the 
same as the calf ratio counted after their first winter, 
when they are about to enter the yearling class. The 
R.D.C. census of April, 1966, just prior to the start of 
the mortality study,showed the differences in recruitment 
as follows: 
North 337 calves (= yearling recruits) 	: 1000 hinds. 
South 285 calves (= yearling recruits) 	: 1000 hinds. 
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The mortality ratios do not agree with that expected from 
the structure at risk. (X 14.0 p = 0.001). 
But a low calf : hind ratio is not neceosarily in-
dicative of a low reproductive rate nor no, but might 
result from a high ourvivorohio of yearlings. Those would 
constitute a high proportion of the non-brecdors in the 
hind count. 
In the South a low calf : hind ratio coincides with 
a low yearling mortality. If the number of yearlings per 
1000 hinds (by the R.D.C. countl is regarded as the unit 
at risk to natural mortality, the effects of this will be 
as follows: 
North louth 
Y. 11. Y. H. 
At rink 337 1000 285 1000 
Assume a bA mortality of hindu. 
Mortality 68 100 36 100 
Survivors 249 900 249 900 
The survivors are yearlings of both coxes. .ith no differ-
entirl mortality, this would mean a recruitment of hinds 
at age two of 125 per 1000 older hinds, in both Iorth and 
South. 
From this it appears that a depressed recruitment as 
measured by a calf : hind ratio can be attributed to a 
high survivorship of the previous birth grow. 
I uch a simple deonstration, however, neglects the 
dynamics which we involved in the inevitable oscillations 
within the age structure, which year by year differences 
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in mortality/survivorship would cause, or the differences 
in rates of increase which would result from stabilised 
age structures. 
If the age structures are stationary, the life table 
method of construction allows mortality rates to be 
calculated: 
Age Class North South 
X dx 1x dx 1x qx% 
C. 203 391 	51.9 140 276 50.7 
Y. 88 188 	46.8 36 136 26.4 
H. 100 100 	100.0 100 100 100.0 
Thus, calculated from the relative recovery rates, calf 
mortality rates are similar and yearling mortality rates 
markedly different. 
These calculations assumed no differential mortality 
by sex. Although the recovery of yearlings was in the 
ratio 17sd:10? this did not differ significantly from 
the expected 1:1 9 	1.814. p = 0.210.1.) and the over- 
all ratio for the FOrest also showed no significant differ- 
ence from the expected, 	0.19. p = 0.8/0.5.). The 
values, however, suggest that a larger sample might have 
indicated a differential mortality. 
Similarly, the sample size of sexable calves was 
small (n = 43) and no differential mortality by sex was 
detected 	0.23. p = 0.8/0.5). 
Thus the deer north and south seem to differ in some 
respects. There is a just-significant difference in the 
condition of stags shot, and in yearling mortality rates. 
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Since these last figures are based on the calf survivor-
ship determined from one census too much should not be 
made of the apparent extent of the difference. 
s already stated it is likely there are differences 
in the performance of deer over such a large area, but to 
detect them adequately one would need larger samples. 
accordingly I have lumped the data to produce a general 
statement for the doer population of Reay Forest as a whole. 
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CHAPTER EIGHT: LIFE TABLES. 
(a). Results. 
Where possible, deer of unknown sex or age in the sample 
of natural mortality (Appendix I. Table A.) have been 
apportioned with due attention to the field situation. 
The remains of 57 calves and 17 adults were not sexed. 
Calves of known sex were in the ratio 2266:21?, and so 
the 57 of unknown sex were distributed in this ratio. 
Also yearling males remain in closer association with 
the hindb than with older males, and consequently are more 
likely to die on the study area than are migratory stags. 
So the similarity between the numbers of yearling males 
and females recovered as natural mortality is likely to 
be the consequence of similar mortality rates. The ratio 
of stags:hinds of age two and over is 30:59 and recoveries 
of unknown sex have been apportioned accordingly. Four 
individuals of unknown sex and age have been disregarded. 
In addition to natural mortality, samples of hind 
and stag culls were collected and ages determined. Five 
years' culling of hinds gave a sample of 457; three years' 
stag culls totalled 325. 
Life tables were constructed for each sex, but since 
there is reason to believe that less bias has influenced 
the hind samples the hind tables will be considered first. 
(1). Natural Mortality; a Mx series. 
The life table is given as Appendix I, Table C. Using 
the death data the 1 column is derived by back-adding the 
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d figures, and so represents the survivorship structure 
prior to the mortality. Although collected over several 
years, the aurvivorship is analogous to a standing population, 
and the table should be considered time specific. Most deaths 
occurred in spring, but the inclusion of a few earlier deaths 
means that age class (x) includes all animals between age 
(x) and (x+1) years of age. Survivorship is therefore time 
specific for summer, when age (x) was attained. 
Because calf carcases were thought to be less easily 
found than adults, they have been alternatively excluded 
from the table. In either case, age specific mortality 
rates for older animals remain the same. 
(2). The cull, as a klx series. 
Without knowing the structure of the living population 
one cannot assess the bias exercised in selecting animals 
to be shot. However, it is practicable to assume that 
once maturity (i.e. near maximum growth) has been reached, 
hinds will be less easily distinguishable by age, and are 
more likely to be shot in proportion to their presence in 
the population. An exception would arise when special 
effort is made to weed out old hinds; but these represent 
only a small proportion of the standing crop, and even 
then they may not be accurately distinguished. 
Table D (Appendix i) presents the age distribution of 
each cull, with numbers in each age class expressed as 
percentages. The mode of the distribution is five years, 
suggesting that this is the age at which selection of 
suitable beasts is favoured by availability. Similarly, 
in Table E (Appendix I) the successive contributions of 
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the different cohorts indicates that cohort (m) reached 
its maximum contribution at age five, while cohort (i) 
had its last peak at age five, and (k) and (i) both con-
tributed most at that age. Lowe (1969) considered age 
five to be the first prime age class. 
If from the age of five, hinds are shot in proportion 
to their presence in the population, the structure of the 
cull (age five and over) constitutes a kix series. 
Sampling over five years his helped to rid the struct-
ure of irregularities, and the frequency in year classes 
decreases almost linearly with age (r = 0.957). However, 
further smoothing is required before the cull structure 
can be considered analogous to a survivorship column. 
Lowe (1969) subjectively excluded certain age classes 
from regressions, when he considered certain irregularities 
to be significantly age specific. To determine whether 
the irregularities between ages six and eight (Column a, 
Table D. Appendix I) might be an artefact of sampling, I 
examined the cull for dynamic survivorship. The successive 
contributions of the various cohorts can be regarded as 
fragments of klx series (Table E. Appendix i). Cohort 
(j) was aged five at the start of sampling, and between 
the ages five and nine the decline in survivorship is 
nearly linear (r = 0.995). From a test on the homogeneity 
of the observed data (Holman, 1962; p us) this structure 
and the corresponding but irregular fragment of the time 
specific age structure (i.e. ages five to nine) were not 
significantly different (X2= 2.16, p = 0.80). It can be 
assumed therefore that within the irregularities of the 
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cull sample there are no m"rkedly different age specific 
mortality rates. Accordingly, a smoothed survivorship 
column for hinds age five and over has been calculated 
(Column b, Table F, Appendix I). 
The call, as a kdx series. 
Although, strictly sneaking, shot animals cannot be con-
sidered to give a kd.x series- (Caughley, 1966) there are 
good reasons for treating them as such in the present 
situation, (see Chapter $ix, and Discussion, this Chapter). 
This has the advantage of affording comparison with the 
similarly derived natural mortality survivorship, without 
the intervention of the smoothing necessary in a klx  series. 
The survivorship derived from the hind cull as a kdx series, 
averaged over five years, is shown as column c, Table F 
(Appendix I). 
thirvivorship, derived from a "kill curve". 
Since the numbers of animals in age classes can be exnected 
to decrease with age, the irregularities which occur in 
the structure of the cull after the ige of five may be 
attributable to two principal causes: (1) they reflect 
actual differences in the recruitment and survival of 
cohorts, or (2) they are due to sampling error. When the 
structure is obtained from sampling over five years, the 
effect of an unusually small or large cohort should be 
spread over five consecutive age classes. The persistence 
of irregularity in stite of this requires exnination of 
the contributions the various cohorts have made. 
While unknown differences in recruitment and past 
survivorship probably do affect the structure, it appears 
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that sampling variation plays a part. For example, the 
large contribution which 8-year olds made to the cull in 
1967 (18 per cent) might be because, as 7-year olds in 
1966, they only contributed nine percent. Accordingly, 
I have attempted to derive an l structure in which the 
differences in the contributioñt made by the various 
cohorts over five years are allowed for. 
In Table E, (Appendix I) the five culls are represented 
as diagonals, and the percentage age distribution of each 
is allocated to the cohorts sampled. Although the table 
is constructed from death data, such an arrangement offers 
the advantages of dynamic interpretation. Since these 
five-year fragments are extended throughout the life span 
they can be used to derive a "kill curve", or the rate at 
which a cohort of 100 animals is shot out. 
To do this I have calculated the number of hinds which 
each cohort had already contributed by the time sampling 
was started, by assuming it to be the same as the average 
contribution known to have been made by younger cohorts. 
For example, cohort (m), although not sampled as yearlings, 
is assumed to have had 0.6 per cent shot, calculated from 
known yearling culls. Thus, after it was culled at age 
two when a further seven per cent were shot, its cumulative 
contribution was 7.6 per cent. This calculated loss now 
contributes to the mean number estimated to have been shot 
from all cohorts in age classes one and two (x - 4.7), and 
consequently the contribution already made by cohort (1) 
now at risk to culling as 3-year olds. 
In this way, chance year by year variation in the 
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contribution of any one cohort has less effect. The 
progressive percentage contribution of each cohort is 
shown in Fig.A (Appendix I), and the curve of the means 
(x) is a "kill curve" of the average cohort (Fig.13). 
From this, survivorehip can be calculated as l = 100 - 
To compare this with an 1. derived in the normal way 
(where l represents the structure prior to sampling) 
then l = IR+ 1 (Column d, Table F, Appendix I). 
Survivorship of ptas. 
A life table from natural mortality is given in full 
(table G, Appendix I) and the percentage composition of 
samples from three years' culls (represented as diagonals) 
is shown in Table H, (Appendix I). From these, l series 
were derived, and comparative survivorship structures are 
shown in Table I, (Appendix I). 
It is known that many stags winter on the low ground 
to the west of Reay Forest, and differences in survivor-
ship of the sexes may be partly due to an unequal risk of 
discovery of carcases. This illuminates a defect of life 
tables; although the sex ratio in calf and yearling mort-
ality was equal, the derivation of survivorship by back-
adding deaths produces a difference in the mortality rates 
(q ) for these age classes. Such a difference may well 
exist, but to detect it in life tables the risk of dis-
covery of young beasts relative to that of older beasts 
must be the same in both sexes. Since young males are 
associated with hinds and do not migrate, their mortality 




The value of a life table is in estimating the survival 
and mortality rates of the population at large. It was 
postulated earlier in this Chapter that from the age of 
five, hinds are shot according to their frequency in the 
population. Therefore comparison can be made between the 
structure of this age range and the corresponding fragment 
of th.6 1 (derived from natural mortality). In both, 
correlations were nearly linear (nat. mort., r = 0.973, 
the. 9 0  p = 0.001; cull, r = 0.957, d.f. 10, p = 0.001) 
indicating fairly constant mortality rates. A comparison 
of the slopes of the regressions (F = 0.891, d.f. I t iv) 
showed no significant difference (F = 1.8, d.f. 1 9 17. 
p=0.2). 
The culling of earlier age classes is biased and so 
a complete call l cannot be constructed. Nevertheless, 
the fragment (age five and over) substantiates the assumpt-
ion that the 1.stracture$ derived from natural mortality 
is analogous to the age structure of the population at 
large, which the cull sampled. 
Regressions on the dynamic survivorship of cohort (j) 
and the corresponding 5-9 age range of the cull showed a 
difference in slope, i.e. survivorship (F = 8.148, d.f. 
1,6. p = 0.01). A similar difference was noted by Lowe 
(1969)9 but even in a stable situation year to year vari-
ations in mortality are to be expected. With the smoothing 
effects of sampling over a period of time  the effect of 
differences in -be age specific survivorship of cohorts 
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will be minimised. Thus the l, structure derived from 
the kill curve is considered to be the best summary of 
survivorship derived from the cull. In Table F (Appendix I) 
a comparison of this (a) with the natural mortality l (a) 
shows there are marked differences. In Table J (Appendix i) 
the essential statistics can be further compared with those 
presented by Lowe (1969). 
The light hind cull taken on Reay Forest (six per cent) 
corresponds closely tothat taken from Rhum prior to 1957, 
and Lowe considered the age structure of the population 
at that time to be almost wholly shaped by natural mort-
ality. Nevertheless, although the Reay 1 derived from 
natural mortality may be the one which most closely approx-
imates the age structure of the population at large, it 
could only accurately reflect this if the cull was taken 
at random. The effect of the cull has to be considered. 
Caughley (196) rejects life tables in which shot 
animals are treated as a kdx series on the grounds that 
culling takes a sample of the living population, and so 
coflects a klx series. In a life table, d and l are 
reciprocals, and the l, column is analogous to the structure 
of the population prior to the mortality. But such a 
population may have a structure which has been determined 
not only by the pattern of previous natural mortality, but 
by bias in previous culls. The assumption in life table 
construction is that the population is stationary, and 
that the mortality rates are consistently applied in order 
to maintain the l structure. If the cull, however biased, 
is similarly consistent then it is responsible for shaping 
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the structure of the standing population, and the structure 
of natural mortality. 
By comparison of the regressions calculated on the 
structures (age five and over) it was shown that there 
was no significant difference between the slopes of the 
natural mortality l and the structure of the cull. In 
other words, assuming the cull is a random sample of that 
age range, the l structure derived from natural mortality 
could be regarded as analogous to the age structure of the 
population at large. 
However, comparison of the survivorship curves (Fig. C, 
Appendix I) shows what smoothing masks, namely, that the 
two populations perform differently. If the l, derived from 
natural mortality represents the true structure and the 
cull a sample, a 2test shows them to be significantly 
different (XZ 13.20 d.f. 7 1 p = 0.08). This might be 
due to sampling bias, but might equally be due to the 
interaction of the two systems of mortality. If this were 
so, it would invalidate attempts to reconstruct from either 
source of data a population which is shaped by both forms 
of mortality. 
The interaction of both forms of mortality must there-
fore be recognised, and the data compounded. In Fig. B 
(Appendix I) the "kill curve" represents the rate at which 
100 animals are shot out, and the reciprocal (Table F, 
column a.) although it might be regarded as analogous to 
the standing population as a whole, actually only represents 
the age structure of that fraction of the population which 
was destined to be shot. In other words, the population 
n 
at large consists of two complements, each destined to 
die a different way. 
If the two forms of mortality are regarded as com-
plementary and not antagonistic, the dilemma of using 
cull data as a kd  series is resolved. When both con-
plements are compounded, bias in one will be accommodated 
by changes in the age structure of the other. This is 
substantiated by the lack of significant difference between 
the slopes of the regressions. 
The influence either form of mortality will have on 
the structure of the population depends on its proportional 
effect. Since a life table assumes a stationary population 
the proportion in which the two complements are present in 
the population is in the same ratio as cull:natural deaths. 
Only a fraction of the natural mortality was recovered, 
but over five years the hind cull averaged 136. In 1966, 
the Red Deer Commission counted 672 calves in April (= year-
ling recruits). Assuming an equal sex ratio in these (no 
evidence to contrary) and losses equalling recruitment 
(for life table), then 200 hinds are due to die per year 
as natural mortality. 
The composite survivorship (Table K, Appendix x), 
including the mortality complements in the recruitment in 
the ratio 60 (natural mortality) : 40 (cull) presents an 
1 age structure which might be a generalised represent-
ation of the structure of the standing population. The 
actual population at large might, however, include irregular-
ities due to uneven recruitment or mortality rates. 
Over three years the cull of stags averaged 161, and 
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with the same necessary assumptions of sex ratio and 
population stability, 175 are due to die other than by 
culling. With the complements in this ratio a composite 
survivorship has been calculated (Table L, Appendix i). 
Fitting nopulation parameters to the calculated structure. 
With a yearling input of 336 the age structure (Table K, 
Appendix I) would generate a total hind population (year-
hugs and older) of 2098.7 (2099). The R,D.C. census in 
1966 was 336 calves (= yearling recruits) plus 2101 adults, 
total 2437. The difference is 338. 
By population reconstruction, Lowe (1969) calculated 
that in a normal season ten per cent of the calves might 
be classified as hinds during a census. With this adjust- 
ment the yearling Input of 373 generates a total population 
of 2330, a difference of 107. 
Lowe (1969) also estimated that 11.3 per cent of all 
males are classified as females. Since on Reay Forest a 
proportion of young males are slow to develop distinctive 
male characters, this error is likely to occur here too. 
The Reay count of stags was 906, ad if this represented 
88.7 per cent of all males present, the number misclass-
ified as hinds was 115. With these removed from the ad-
justed hind total the difference between the adjusted 
count and the model is eight. 
While it is reasonable to suppose that some error 
occurred in classification, this has not been measured on 
Reay Forest. Lowe's average misclassification of calves 
was 13 ± 19 per cent, including an exceptional year with 
an error of 30.2 per cent. And although misclassification 
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of males would probably be due to the difficulty in dis-
tinguishing knobbers ( 2.2 months) from hinds, Lowe's 
error of 11.3 per cent was calculated on the total number 
in a closed population. On Reay many of the stags must 
have been absent at the time of the count, and consequently 
the ratio of yearling males to adult stags may have been 
greater. 
As the calculated structure stands, a recruitment of 
336 young males would generate a stag population of 2297. 
The counted population was 906. Lack of a census total 
applicable to all lteay stags makes further calculation 
unprofitable, for it is unlikely that half the stags were 
not present and counted. The conclusion is therefore that 
due to bias of an unknown nature, the survivorship revealed 
by life tables for stags must be rejected. 
Me specific mortality rates (q.) are independent of 
distortions which occur in younger age classes, and will 
now be examined. 
Comnarison of mortality patterns. 
In Fig. D (Appendix I), survivorship of Reay hinds can be 
compared with that determined by Lowe (1969) and Mitchell 
(in Bannerman and Blaxter, 1969). Although both derived 
their tables from the Rhwn population, differences must 
be noted. Lowe gave mortality rates in time specific 
(smoothed) and dynamic life tables which were constructed 
from subsequent recoveries, and therefore based on 	series. 
He also calculated a mortality rate by applying the average 
annual deaths in each age class to the age structure of a 
population which he considered to be typical. This cannot 
be compared directly with a life table because total deaths 
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do not equal recruitment, and irregularities in the 
structures distort the mortality rates. For example, 
the mortality rates of calves and yearlings were cal-
culated by applying an average of 16.5 calf deaths and 
4.0 yearling deaths to an age structure in which previous 
differences in mortality or recruitment had already produced 
more yearlings than calves. 
Hitchell (on. cit.) rids the structures of chance 
variation by using means throughout, and mortality 
balances recruitment. In Table s1 (Appendix I) the various 
series derived from the Reay data are presented, and in 
21g. B (Appendix I) the composite q. is compared with a 
mortality rate which I have calculated from txitchell's 
table, in which mortality from all causes are compounded. 
The nature of the construction allows small differences 
in the recovery of carcases to introduce major oscillations 
in the curve. This is especially so in the older ace 
classes. Furthermore, the difficulty in determining the 
aes of old animals may introduce bias. In Chapter 
Seven the justification for ageing by a count of the 
cement layers plus one depended on only a small sample 
of animals whose age could be confirmed by eruption and 
tooth replacement. Lowe (1969) preferred to use patterns 
of eruption and war for all animals. Mitchell did not 
specify (in Bannerman and Blaxter,1969) which method 
he used, but elsewhere he used ce;nentum, with age equal 
to the number of layers counted (Mitchell, 1967). 
In Fig. E (Appendix I) the oscillations in the 
mortality curves could be made to coincide if the age 
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scales of the two samples are adjusted so that age equals 
the number of cement layers. 
In order to get a similar fit with the stag curves, 
however, the age scale of the Reay stags has to be moved 
in the opposite direction from that required for the 
hinds (Fig. F. Appendix I). Since this would mean tivt 
the Reay stags have two cement layers less than the stags 
from Rhut, the lack of justification makes futther 
comparison of the mortality curves unrewarding. 
PART FOUR. 
DEER MORTALITY AND DEER MANAGEMENT. 
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CHAPTER NINE: TIM USE OF LIFE TABLES 
According to Lowe (1969) the increased rate of cull on 
Rhum reduced natural mortality by 75 per cent. In order 
to out wastage and match recruitment, an annual cull of 
one sixth of each sex was attempted, and this prescription 
was adopted by the Red Deer Commission for stabilising 
deer numbers on the mainland. 
However, the effect of such applied mortality on a 
population depends not only on how many are shot, but on 
which ones. The significance of age structure and age 
specific reproductive rates is apparent. An increased cull 
will tend to be shot lees selectively. 
If the age structure and age specific reproductive 
rates are known, the calculated increases or decreases 
resulting from their interaction can be used to measure 
total population performance. To management this means 
a prediction of a. harvestable surplus. 
By applying age specific fecundity rates to age 
structures derived in life tables, Lowe (1969) calculated 
that the hind population in 1957 had a net reproductive 
rate (R0 ) of 1,316 per generation, representing an innate 
capacity for increase (r) of 0.04731 per bead per year. 
But by the nature of its compilation the age structure 
comes from a stationary population in which R 0=1. If the 
calculated age structure represents that of the population 
at large, then R ( lin, where l is the age structure and 
m the age specific reproductive rate) must equal the 
calculated increment in age class one. In Lowe's calcul- 
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ation it doesn't, and the question arises, how does the 
stationary population appear to increase? 
There are two possible explanations: (i) the reproduct-
ive rates are not those which are responsible for the age 
structure (in other words, they are drawn from a different 
population), or (2) the mortality/survivorship schedule is 
incomplete. In fact, Lowe's reproductive rates are measured 
by ovulation, whereas his observed reproduction (i.e. re-
cruitment) consists of calves surviving to enter the year-
ling age class. Therefore an estimated increase R 0-= 1.316 
implies that for every 1,316 hinds which probably conceive., 
only 1000 see their calves survive to one year of age. 
Because of the restrictions imposed by a stationary age 
structure, the "rate of increase" is a measure of the missing 
intra-uterine and neo-natal mortality. During the present 
study, samples of reproductive organs collected from hind 
culls were thought to be biased, and further calculation 
has not been attempted. But even if the sample were adequate 
the unknown neo-natal mortality rate would make determination 
of the actual rate of increase impossible. As it stands, 
the stationary hind population, with the age structure 
adjusted to accept the observed intake of 336 yearlings, 
can only have a reproductive rate measured in terms of 336 
milk hinds distributed throughout the lx  column, thus en-
suring that 'ex = recruitment. 
Even if an age structure is determined by direct 
sampling (U x series) there is no way of calculating a 
rate of increase when survivorship and mortality are derived 
as reciprocals, and if recruitment and reproduction have to 
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be expressed in different units. 
The mortality rates derived from a life table can 
be used to determine the stable age distribution when age 
specific fecundity and mortality is incorporated in a 
matrix system (Darwin and Williams, 1964). If the calcul-
ated mortality rates and the measured fecundity are correct, 
the resultant stable age distribution will be the same as 
that in the life table, and there will be no rate of in-
crease. 
Since a single sample (or table) is a static inter-
pretation, it is apparent that only repeated sampling can 
reveal the dynamics of the population. While Love's (1969) 
calculated rates of increase may not be accurate, the 
difference between those I have quoted and the rates cal-
culated from subsequent dynamic survivorship are an indic-
ation of trend. 
The value of life table analysis is therefore in the 
monitoring of dynamic situations, and as a basis upon which 
other approximate model populations with predicted perform-
ances can be constructed. 
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CHAPTER TEN : "DEATH CONTROL". 
In the review of factors which cause, or conribute to the 
death of red deer (Chapter Two) there was an obvious omission, 
namely predation by Man. In Chapter Eight fun recognition 
was given to the effect of the cull in the population 
dynamics, 
Unless the cull is random, or takes only those deer 
due to die anyway, it represents an "un-natural" selection 
preasure. In Chapter Three I stressed the need to bear in 
mind that natural mortality is not applied according to 
sex or age, but according to the overall unfitness of the 
phenotype. Culling, as in animal domestication, is a 
potent instrument of change, and likewise selects by 
phenotype, but it uses different criteria. The implications 
of this and its interaction with natural selection should 
be recognised in deer management. 
In bill sheep husbandry, where selection of animals 
to be kept as breeding stock is made by appearance, part-
icularly size, the ewe lambs retained are those from the 
better parts of the habitat. The smaller ones may, however, 
be genetically superior (Hunter, 1964). The culling of 
only the best stags and hinds has been repeatedly blamed 
for the deterioration in the quality of the remaining 
stock, and so on many estates the policy is to cull only 
animals with lees desirable conformation. However, as long 
as variations in phenotype can be as much attributable to 
feeding as to breeding, neither method of selection is 
likely to have much effect on the genetic constitution 
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of the herd. 
Nevertheless, such attempts at improvement are made, 
without acknowledging that, the native phenotype is being 
continually proved to be the best adapted form. Lerner 
(1954) pointed out that when we try to alter an animal 
we pit ourselves against thousands of years of natural 
selection, and whereas we select for isolated traits, 
natural selection is all the while operating on the 
totality of phenotypic characters affecting fitness. In 
order to carry out the alteration we have to reduce the 
pressure of natural selection, and impose our own select-
ive "death control". Since this involves buffering the 
animal from its natural environment, aid applying an art-
ificial pattern of mortality to the juveniles and the 
breeding sector, it represents a primary step in domestic-
ation. 
However, when the aim is to alter (i.e. " improve " ) 
red deer in the extensive hill situation, only elementary 
methods of death control are practicable. These include 
the improvement of habitat in terms of food and shelter, 
and, by the supplementary feeding of selected animals, 
attempting to bias survivorship. 
If habitat improvement is sufficient and sustained 
it induces immediate response in deer performance, and in 
the long run favours the reproduction of the most responsive 
animals, In this situation, the infusion of genes from 
another preferred strain might hasten the process, and 
the result would be a new phenotype adapted to the new 
environment. 
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But by the principles of livestock husbandry, lasting 
improvement of phenotype can only be obtained within the 
limitations imposed by the environment. Attempts to 
grade up" an already adapted phenotype by using foreign 
stags are usually less reasoned. An early apparent im-
provement in progeny can be attributed to heterosis (Rage-
doom, 1954) 9 and is an indication not of a new trend, but 
of potential Instability. The interbreeding in the next 
generation results in widened variability, and whereas 
this is the raw material upon which the animal improver 
applies his selective mortality, in the hill situation 
it presents an opportunity for rigorous natural selection. 
Hagedoorn (1954) strongly criticises such irrational 
attempts to alter phenotype. 
The new unfit might be eliminated early; the cross-
breeding of sheep is believed to result in difficult 
births, if the sire is from a strain selected for size 
(Fraser, in Fraser and Stamp, 1968). In deer, Turcek 
(1951) recorded that since the introduction of a large 
race of roebucks, difficulty in parturition has been a 
recurrent mortality factor of roe does. In a varying 
environment the selection pressure may be light until 
the alien genes have reached a higher frequency in the 
population. High mortalities among hill blackface sheep 
have been blamed on the earlier use of lowland rams which 
had never been tested by the environment (Wildman, 1944). 
Periodic "die-offs" are a feature of ungulate pop-
ulat?ions, and it is conceivable that in red deer, when 
there is increasing competition for resources, such 
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mortalities might cause sudden genetic shifts in favour 
of more thrifty animals. The decline in average perform-
ance noted by Millais (1897) and others, may have been 
partly gradual as the better beasts were shot cut, and 
partly in steps, .when severe winters selected a phenotype 
to fit the changing conditions coincident with the in-
creased stocking rates. Mayr (1963) gave a parallel 
instance; an exceptionally hard winter in Germany almost 
eliminated moles by reducing their food supply. This 
resulted in a dramatic and permanent reduction in the 
body size of the surviving phenotype, even when food 
thereafter became plentiful. The Reay Forest Estate 
Records mention that, in the severe winter of 1940-41, 
when at least a quarter of the deer died, the big stags 
were in worse condition than the smaller ones. 
Only exceptional mortalities, like exceptional heads 
or weights, arouse the interest of most deer managers. 
Nanagement should recognise that by the nature of our 
interest in doer, mortality is our prime concern. Manage-
merit requires definite aims. Manipulation of the age and 
sex structure can, with proper attention to genetic and 
ecological implications, give increased production, in 
terms of quality or quantity. The rationale of producing 
more venison or better trophies by applying the cull 
differently to the age structure can only be clarified 
by understanding the dynamics involved. The answer to a 
shortage of mature trophy stags may not be to shoot fewer 
beasts, but to shift the shooting pressure from the middle 
age groups to the younger. 
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The Red Deer Commission (1962) recommends that for 
sound management the sex ratio should be adjusted to 
approach equality. This they say would result from a 
one-sixth cull of each sex. The implication is that the 
sex ratio is self-correcting, but a 1:1 ratio can only 
result if sex-specific recruitment and mortality rates 
favour it., otherwise a cull of equal proportions will 
only hold the sex ratio as it is. Thus investigation 
of differential mortality might modify the aspirations 
of management. 	 - 
There are sound reasons why mortality should be 
monitored, but Evans(1891) must still remain one of the 
few estate owners to see this need: "our search for dead 
deer is strenuous and diligent, whereas in other places, 
so far as I know, they are neither souht after nor re- L? 
corded, and often not willingly acknowledged." 
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APPENDIX I. 
TABLES A.ND FIGURES. 
- 	- AGE 	- 
C. 1 2 3 4 5 6 7 8 -9 10 11 12 13 14 15 	16 	17 ? Totals. 
12 I 1 1 1 7 
261 2 1 1 1 14 
1 2 111 1 - 7. 
188 1 1 22 1 1 • 1 35 
12 1 1 • 1 1 7 
221810.421223431 2 11 3 
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3 1 -- 11. . . 6 
411 1 1 23 . . • I 14 
1 • 1 2 111 11 .•. 	 . . 
1710 21 2455832 .1 • 60 
1 1 2 3 . . 7 
21 16 2 5 3 1 3 6 6 11 12 3 2 1 - 4 
C. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 	16 	17 ? 
41 1• . 6 
151 . 1 11 . 19 
1 2 1 . . - . . . . . 13 
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APPENDIX I. TABLE A. 	NATURAL MORTALITY RECOVERIES 
- YEARLINGS HINDS YEARLINGS STAGS SEX ? 
CALVES  Age 2+ do @Age 2+ Total 
Condition Condition Condition Condition Condition 
123? 123? 123? 123? 123? 
0 	1 59 2 	7 14 27 12 	9 	6 1 	2 	5 	6 17 206 
2112 1 	2 1 	2 12 
1 	7 8 
2 1 6 . 1 	4 14 





APPENDIX I. 	TABLE B. "CAUSE" OF NATURAL MORTALITY, AND CONDITION ASSESSMENT. 
x 	d 	l 	 x q 	
d" x 	1" x 
n 
C. 50.0 129.6 385.8 1000.0 385.8 
1 19.0 79.6 146.6 614.2 238.6 238.6 1000.0 
2 2.0 60.6 15.4 467.6 32.9 25.1 761.4 
3 5,0 58.6 38.5 452.2 85.3 62.8 736.3 
4 3.6 53.6 27.7 413.7 66.9 45.2 673.5 
5 1.0 50.0 7.7 386.0 19.9 12.6 628.3 
6 3.6 49.0 27.7 378.3 73.2 45.2 615.7 
7 6.0 . 	 45.4 46.2 350.6 131.7 75.4 570.5 
8 6.6 39.4 50.9 304.4 167.2 82.9 495.1 
.9 13.0 32.8 100.3 253.5 395.6 163.3 412.2 
10 12.6 19.8 97.2 153.2 634.4 158.2 248.9 
11 3.0 . 	 7.2 . 	 23.1 56.0 412.5 37.7 90.7 
12 2.6 4.2 20.0 32.9 607.9 32.6 53.0 
13 .0.6 1.6 4.6 12.9 356.5 7.5 20.4 
14 1.0 1.0 7.7 8.3 927.7 12.6 12.9 
15 0 . 	 H- 0 0.3 
(Calves are excluded from d" x and 1" X ). 
APPENDIX I. 	TABLE C. 	Life .table for hinds, 















1 1 1 1 2 2 3 0.6 
2 3 7 3 3 4 4 8 6 1 2 19 22 4.4 
3 7 15 11 10 8 815 12 14 22 55 67 13.4 
4 5 11 16 14 18 16 20 16 12 18 71 75 15.0 
5 8 18 15 16 16 15 25 20 8 12 75 51 16.2 
6 7 15 17 15 15 14 16 12 8 12 63 68 13.6 
7 1 210 9 14 13 10 9 5 8 40 41 5.2 
8 1 2 9 18 20 15 14 11 6 9 50 48 • 9.6 
9 4 9 9 8 8 8 5 4 6 9 32 35 7.6 
10 3 7 11 10 4 4 6 5 - 24 26 5.2 
11 2 4 3 3 1 Hi 3 2 4 6 13 16 3.2 
12 2 4.2 1 1.1 5 6 1.2 
13 L 2 3 3 1 1 5 6 1.2 
1 2 10.4 14 1 2 
15 •2 1 2 1 10.2 
I -. ... 
TABLE D. Age structure of samples of 





















1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 	15 
2 
1 2 
(I) - - 
0 6 22 
(c.) (n) 
o 4 12 18 
4) (4) (It') 04) 
0 3 8 16 12 
'p) ® (II) (v) ,) 
7 10 16 20 12 
(1 = ? -' Ø. 
3- (ST-0 c'-' 
15 14 15 12 8 
- 47) Qq-i) (3-1) (4.i) (-) (g:i) 
11 16 14 9 9 
(X- 	S) (n•s) (45-B) (s95 (- (rr-s) 
18 15 13 11 	9 
31.fl) (49St) ((o&rsb) (77 , 5L) (&st.) 	(is.) 
16 9 18 4 	0 
- (5g = 0.2) (3-27) (n-I-i) (90- 20 	(%.21) 	($4.27)  
— 2 8 8 5 6 
-- = ('4-'3.) (12 -7 5) (so-n) (fl-n) (9yT3) 
- 2 	8 	4 2 0 
= 70.35) (12•35) (6°-) (1&4.35) (et.3&) (n-fl) 
• 	. 9 	10 1 1. 0 
• = 80-22) G-2'(q9-ZS) (1002s) 401- 2. (Io-zt 
3.01 0 
s8•44)(s-L.4) (qg-,) 91(19 .4) 
410 0 0 
Si-zi) es-si) 'i-') (%-v) (q•i) 
4 3 0 0 
= 14..52)g.sz) (iot-sz) ('oi-n) Qo-5z) 
2 0 0 
()C: 9(rfl) (9-) (cs-as) (cs-is) 
2 1 
= 'I1-47? (ioi'i.i) Qoz-c-i 
APPENDIX I TABLE E. Contributions by cohorts to (xr50  (119 -50)  
five annual culls (hinds). (For explanation-see pages 92-4). < 'Xis =1'?72> 
Age. a. b. a. ci. 
1 1000 1000 1000 
2 761 996 994 
3 736 954 	. 953 
4 673 834 815 
5 628 640 678 684 
6 616 576 . 	 514 528 
7 570 512 376 373 
8 495 448 289 297 
"9 412 384 179 198 
.10 249. 320 109 116 
11 . 	 91 256 57 82 
12 53 192 28 . 	 55 
13 20 128 17 27 
14 :3 64 7 	. 6 
15 1 1 4 ' 
16 . .,. 
Natural mortality lx' from a kd series. 
Cull l,smoothed. 
C* Cull lx'  when sample is treated as a kdx 
 series. 
d. Cull, lxv derived from the "kill curve". 
APPENDIX I. 	TABLE P. 	Hind survivorship Y' 
aa' 	It x 	x x 
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(Calves are excluded from d" and l"x). 
APPENDIX I. TABLE G. 	Life table for stags, calculated 
from natural mortality. 
Cohort - 	- 1 	. 2 3 4 5 	6 
-AGE- 
7 8 	9 10 11 12 13 14 15 
0 0 3 
(o) cc) ) 
Cm) 0 1 4 
(a) (1) (i) 
(i) - 6 4 5 
(x 1 =o) (G) (io) (15) 
(Ic) 0 4 	17 
3-3) •3) (7-) 	(3) 
(j) 8 7 18 
- Gri) 04.1) 	(21.1) (39-I) 
-U) 17 19 19 
(,5 'i-i) 	(29.1) Q.s-a) (L T- 
(li) 
I 
8 21 	11 
24-3) 32 -8 53-8 $i 
(g) 8 	24 13 
ç5t.7 = 4C•0) (48-0) (72'0) (35-0) 
• 	(1) - 14 9 7 
- .SG-3) 	(70 3)  
(e) 17 6 3 
90) (b.o) 92-o) (qs4 
(a) ii 4 0 
(9z- 
1, =°-t eb-?) (8-9) (98-9) 
(b) 6 1 0 
qcs) (%-z) (7.3) (qT.g) 
(a) 60 
SS-o) Qal+.o) (iot..o) 
14. 100-2) 
APPENDIX I. TABLE H. Contributions by cohorts to three 
annual culls (stags). (Derived as for hinds; for explanation see pages 92-4). 
-'I 
Age 	a. 	b. 	c. 
H 	1 	1000 	1000 	1000 
• 2 	598 	1000 	1000 
3 	578 	1000 	1000 
4 	578 	980 	967 
5 	. 	492 	949 	.939 
6 4522 	899 	879 
• 	7 	426 768 	752 
8 386 	596 	600 
9 	340 	404 	437 
H 	10 260 	232 	310 
11 • 	174 	121 166 
12 	114 	50 	91 
7 	13 	.87 	• 20 • 	32 
14. 	41 	10 	20 
61 	15 	21 	0 	0 
Natural mortality 1 from a kdseries 
Cull l when sample is treated as a kd  series. 
a. Cull l derived from the "kill curve". 
	
APPENDIX I. TABLE I. 	Stag survivorship (li . 
p 
0 
Yearling 	Further expectation of life (yrs.) 
mortality %. 
At age 2 (e24. At age 5 (e5 ). 
(a). 	 23.9 6.39 4.55 
(c). 	 - - 5.26 
Cc). 0.5 4.66 3.23. 
(a). 	 0.6 4.76 3.35 
- 	 . 
- 3.45 
Cr). 	13.7 4.94 3.36 







(g). Rhum,  
derived from natural mortality (kd x series). 
cull 1 , smoothed. x 
cull l, when cull is treated as kdx  series. 
cull 1 derived from "kill curve". 
cull d, dynamic fragment (cohort a.). 
lx time specific. (Lowe, 1969). 
1 dynamic. (Lowe, 1969). 
APPENDIX I. TABLE J. Yearling hind mortality rates and 
expectation of life, on Reay and Rhum. 
..v. 
Age a. b. C. 
x ix ix 1x cl 
1 600.0 400.0 1000.0 145.8 145.8 
2 456.6 397.7 854.2 31.4 36.8 
3 441.6 381.2 822.8 92.4 112.3 
4 404.4 326.0 730.4 80.0 109.5 
5 376.8 273.6 .650.4 69.6 107.0 
6 369.6 211.2 580.8 89.0 153.2 
7 342.6 149.2 491.8 76.0 , 154.5 
8 297.0 1188 415.8 89.4 215.0 
9 	. 247.2 79.2 326.4 130.6 400.1 
10 149.4 46.4 195.8 	.. 108.4 553.6 
11 54.6 32.8 87.4 33.6 384.4 
12 )31.8 22.0 	.. 53.8 31.0 576.2 
13 12.0 10.8 22.8 .12.6 552.6 
14 7.8 	. 2.4 10.2 7.6 745.1 
15 0.6 2.0 2.6 1.4 538.5 
16 1.2 1.2 1.2 1000.0 
Survivorship of complement due to die naturally. 
Survivorship of complement due to be .culled. 
C. 	CompOsite survivorship. 
APPENDIX I. 	TABLE K. 	Cdmposite life table (hinds). 
a- 
Age a. b. C. - 
x l l 
1 520 480 1000 209 209.0 
2 311 480 791 10 12.6 
3 301 480 781 16 20.5 
4 301 464 765 58 75.8 
5 256 	. 451 707 50 70.7 
6 235 422 657 75 114.1 
7 221 361 582 93 159.7 
8 201 288 489 102 208.6 
9 177 210 387 103 266.1 
10 135 149 284 114 401.4 
11 90 80 170 67 394.1 
12 59 	. 44 103 43 417.4 
13 45 	. 15 60 29 	. 483.3 
14 21 10 31 20 645.2 
15 11 0 11 11 1000.0 
 Survivorship of complement due to die naturally. 
 Survivorship of complement due to be culled. 
C. Composite survivorship. 
APPENDIX I. 	TABLE L. :composite life table (stags). 
- (Columns of animals in whole 
numbers). 
II 
Age a. b. C. d. e. 
1 23.9 0.4 0.6 14.6 20.9 
2 3.3 4.2 4.1 3.7 1.3 
3 8.5 12.6 14.5 11.2 	. 2.0 
4 6.7 15.6 16.1 10.9 7.6 . 
5 2.0 24.1 22.9 10.7 7.1 
6 7.3 26.8 29.2 15.3 11.4 
7 13.1 23.5 20.4 15.4 16.0 
8 16.7 37.8 33.3 21.5 20.1 
9 39.6 39.0 41.4 40.0 26.6 
10 63.4 48.0 29.3 55.4 40.1 
11 41.2 50.0 32.9 38.4 39.4 
12 60.8 38.4 32.7. 57.6. 41.7 
13 35.6 62.5 83.8 55.3 48.3 
14 , 	 92.8. 
'100.0' 
33.3 16.7 74.5. 64.5 
• 	15 100.0 	100.0 '53.8 100.0 
• 	16 . 100.0 
• 	a.. Derived from natural mortality (Hinds). 
b. Derived from the cull, as kd series (Hinds). 
C. Derived from the "kill curve" (Hinds). 
• 	d. Derived from the composite table (Hinds). 
e. Derived from the composite table (Stags). 
• • APPENDIX I. TABLE K. Mârtality rates 
• • 	
• expressed as %. 
YEARS. 
H 
APPENDIX I. FIG A. Graphic representation of 
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APPENDIX I. FIG. B. 	"Kill curve". The rate at 
which 100 hinds destined to die by culling are shot 
out. 
ity. 
S &5 4 5 6 7 a 
Ae.(ye:rs). 	
i6 
APPENDIX I. 	FIG. C. 	Survivorship canes (li)  for 




















6 	V 	W 	2 	14 10 1* lb Lb. 
Years. 
APPENDIX I. PIG. D. 	Survivorship curves for hinds. 
(Natural mortality and cull. Curve calculated by Lowe, 
(169) is time-specific. Other curve for Rhum hinds has 




1. 	2 3 4 5 & 7 8 	9 tO it iZ 	Vp iS 16. 
x (A3e. " years). 
APPENDIX I. 	PIG. E. 	Mortality rates (q5) for hinds. 
(Natural mortality and cull.) q for Rhum recalculated 
by me from age structure presented by Mitchell (in 
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APPENDIX I. iFIG. F. 	Natural mortality rates 
for stags, with age scales shifted (explanation, pages 
101-102). (Rhum data presented as percent by Mitchell, 




The assessment of physical condition of red deer in the field. 
During this study, and especially in Spring, 1969 I attempted 
to assess the condition of deer in:the living population, 
on the assumption that animals in poor condition were more 
likely to die. In that year, however, natural mortality 
was low, and so the attempt to relate poor animals to 
subsequent mortality was not wholly successful, although 
in a few instances where the presence of a pining animal 
was noted a later search yielded a carcase. 
I believe that this could be a useful tool in "death 
control", allowing a fraction of the population to be 
identified and culled in addition to the normal crop, 
without affecting overall population performance. But 
since my results are inconclusive only a discussion of 
the method and practice of condition assessment follows. 
With New Zealand red deer and other ungulates Riney 
(1960) assessed the condition of living animals by angul-
arity and bone protrusion, especially in the region of the 
haunches and back. These are the areas shown by NeMeekan 
(1940) to be the last developed and consequently the first 
mobilised in time of stress. Riney (1960) identified 
three categories of condition, but in practice I found 
it difficult to partition animals which I thought were 
in good or medium condition into his categories One and 
Two. This I believe is due to the strong selection pressure 
of the hill environment which holds the phenotype within 
a narrow range of expression. While noting the seasonal 
cycle of weight gain and loss in hill sheep, Russel and 
Eadie (1968) said that the limiting factor in sheep pro-
duction on the hills is the low range of body condition 
over which the cycle occurs: "ewes at maximum live weight 
can scarcely be considered fat by any standards". This 
does not imply that such sheep, or deer., are biologically 
unsuccessful. Soay sheep, even when emaciated, produce 
viable lambs of up to ten per cent of their own live 
weight and suckle them adequately (Gunn and Doney, 1964). 
Some of the difficulty I found in allotting deer to 
?dney's categories may therefore be due to the similarity 
of condition of animals, not only at any one time, but 
throughout the weight loss/gain cycle. This was substant-
iated by the occasional glimpse I got of deer in forestry 
plantations: they were invariably in such superior con-
dition as to relegate the best of the hill deer to the 
medium catagory. 
Although it was found repeatedly difficult to part-
ition healthy bill deer into catagories One or Two, deer 
classified as catagory Three were noticeably emaciated, 
weak and ailing, and had consequently been more easily 
distinguished. 	. 	 A 
The difficulty in assessing body conformation at 
various stages of moult was noted in white tailed deer by 
Severinghaus and Cheatum (in Taylor, 1956): "the heavy 
fluffed-out winter coat produces a smooth, even, appear-
ance, allowing a severely emaciated deer to appear in 
reasonably good flesh," Likewise, I found that the state 
of the moult confused body contours, and the persistence 
of the winter coat in pregnant and lactating hinds in 
July masked the angularity which might have indicated 
nutritional stress. 
On hot summer days, coat hairs were frequently kept 
erect, and the tail raised, effectively obscuring the 
outline of the rump. Similarly, deer when alarmed erected 
the hair on their backs and rumps. Even in winter young 
males (knobbers and spikera) appeared to have the hair 
of their haunches and rumps continually erected, and 
calves with their somewhat fluffier pelage could not be 
classified unless their coats were wet. 
Under hill conditions a standard procedure is diffi-
cult to maintain. The angle of incidence of sunlight 
can exaggerate angularity, and disguise the state of 
moult. Uneven r,tance can sometimes produce a protrusion 
of the pelvic region similar to emaciation. Poor deer 
are often more easily distinguished at close range. 
APPENDIX III. 	LIST OF WILD ANIMALS REFERRED TO IN THE 
TEXT, WITH SCIENTIFIC NAMES. 
Red deer. (Cervus elaphus). 
Wapiti. (Cervus canadensia). 
Sika. (Cervus nippon). 
Fallow deer. (Dama dema). 
Roe deer. 	(Capreolus capreolus). 
White tailed deer. (Odocofleus virgtnianus). 
Black tailed or mule deer. (Odocoileus hemionus). 
Noose. (Alces alces). 
Pronghorn. (zintilocappa Americana). 
Bighorn sheep. (Ovis canadensis). 
Reindeer. (Rngifer taranthzs). 
Caribou. (Rangifer arcticus). 
Wolf. (Canis lupus). 
Fox. (Vulpes vulpes). 
Wild cat. (Fells silvestris). 
Golden eagle. (Aquila chryaaetos). 
Raven. (Corvus corax). 
Hooded crow. (Corvus corone). 
Great black backed gull. (Larus marinus). 
( 
